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Foreword

O nein three preschool children in the developing world is undernourished. Asa
consequence, their human rights are violated. In addition, they are more likely
to have impaired immune systems, poorer coghitive development, lower productivity
as adults, and greater susceptibility to diet-related chronic diseases such as hyperten-
sion and coronary heart disease later in life. Undernourished female preschoolers are
likely to grow into undernourished young women who are more likely to give birth to
babies who are undernourished even before they are born, thus perpetuating the inter-
generational transmission of deprivation.

Reducing these unacceptably high numbers remains a tremendous challenge to
public policy. As aguide to the direction of future efforts, this research report exam-
inesthe success of the efforts of the past 25 yearsto reduce preschool er undernutrition.
The report uses an econometric model to identify the factors associated with the re-
duction in undernutrition. The formulation of the econometric model is guided by the
widely accepted food-care-health conceptual model of child growth. The contribu-
tions of both underlying and basic determinantsto reductionsin undernutrition are as-
sessed using the model. The potential of these factorsto further reduce undernutrition
isevaluated in aregion-by-region priority-setting exercise. In addition, projections of
child nutrition are made under various scenariosto the year 2020. What will it take to
dramatically reduce undernutrition in the next 20 years? The report attempts some
broad answers to these questions. This work represents one component of IFPRI’s
2020 Vision initiative and will continue to be updated periodically.

Because the results of this research are so important to policymakers, IFPRI is
also publishing alesstechnical version of thisreport asa2020 Vision discussion paper
titled Overcoming Child Malnutrition in Developing Countries: Past Achievements
and Future Choices, Food, Agriculture, and the Environment Discussion Paper 30,
available in February 2000.

Per Pinstrup-Andersen
Director General
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Summary

eveloping countries have made great stridesin reducing child malnutrition over

the past few decades. The prevalence of underweight children under five years
of agein the devel oping countrieswas46.5 percent in 1970. By 1995 it had dropped to
31 percent (167 million children), indicating that while past progress has been sub-
stantial, it still hasalong way to go. Thisresearch draws on the experience of 63 coun-
tries during 1970-96 (1) to shed light on some of the main causes of child
malnutrition, (2) to project how many children are likely to be malnourished in the
year 2020 given current trends, and (3) to identify priority actionsfor reducing malnu-
trition most quickly in the coming decades.

The determinants of child malnutrition can be divided into three levels of causal-
ity: immediate, underlying, and basic. The immediate determinants are dietary intake
and health status. They areinfluenced by three underlying determinants, on which this
report focuses: food security, care for mothers and children, and health environment
quality. Four explanatory variables represent these concepts: per capita national food
availability (for food security), women’'s education and women’'s status relative to
men’ s (for both food security and care), and saf e water access (for health environment
quality). The report also examines the role of two basic determinants that influence
child malnutrition through their effects on the underlying determinants. These are eco-
nomic resource availabilitiesand the political environment. The explanatory variables
representing these two factors are per capita national income and democracy.

Of the explanatory variablesthat represent the underlying determinants, women's
education is found to have the strongest impact on child malnutrition. It is followed
closely in strength of impact by per capita food availability. As the amount of food
available per person increases, however, its power to reduce child malnutrition weak-
ens. Women's status relative to men’'s and the quality of a country’s health environ-
ment also strongly affect child malnutrition. For the devel oping countries as awhole,
however, these two factors do not have as strong an influence as women’s education
and per capitafood availability.

Per capita national income and demacracy are both important factorsinfluencing
child malnutrition. Per capitanational incomes reduce malnutrition by increasing pub-
lic and private investment in all of the underlying-determinant variables. Democracy

Xi



affectschild malnutrition at least partially through improvementsin safe water access
and increasesin per capitafood availability.

Oneof thelimitations of the study isthat it isunableto consider the effects of food
security or poverty on child mal nutrition because sufficient dataarelacking. However,
it should be recognized that having enough food available per person at a nationa
level isanecessary but not sufficient condition for that country to achieve food secu-
rity; households must also be able to access available food in order to achieve ade-
guate nutrient intakes for their children on a sustainable basis. Similarly, increasesin
the amount of income available per person are anecessary but not sufficient condition
for reducing poverty. How the available income is distributed among a country’s
population is aso important.

Asaresult of the strong influence of women'’ s education and the substantial prog-
ressmadeinincreasing it, women’seducation isestimated to be responsiblefor almost
43 percent of the total reduction in child malnutrition that took place from 1970 to
1995. Improvementsin per capitafood availability have contributed about 26 percent
to the reduction, health environment improvements 19 percent. Because there was
littleimprovement in women'’ s status relative to men’ sover the 25 years, its contribu-
tion—while still substantial—was the lowest (about 12 percent). Through improve-
mentsin the underlying-determinant variables, increasesin per capitanational income
have made a very large contribution—roughly 50 percent of the total reductioninthe
prevalence of child malnutrition during 1970-95. While increases in democracy have
great potential for reducing child malnutrition, no progress has been madein thisarea
for the developing countries as awhole, and therefore it has made no contribution.

If current trends continue, the prevalence of child malnutrition is projected to re-
main highintheyear 2020, with roughly 20 percent of al devel oping-country children
under age five, or 140 million children, malnourished. South Asia and Sub-Saharan
Africawill remain the regions with the highest child malnutrition rates. The absolute
numbers of malnourished children in Sub-Saharan Africaare expected to be higher in
2020 than they werein 1995. A sharp regional shift in the location of child malnutri-
tion isprojected: South Asia’ s share of the total number of malnourished children will
fall from approximately 51 percent to 47 percent, but Sub-Saharan Africa’ s sharewill
rise from 19 percent to near 35 percent.

However, the future does not haveto look like the past. Thefindings of thisreport
indicate that significant progress can be made toward reducing child malnutrition
through accel erated actionsin sectors that have not been the traditional focus of nutri-
tion interventions. Increased investments in women’s education, in raising food sup-
plies (or reducing population growth), in measures that improve women's status
relative to men's, and in health environments should be an integral part of strategies
for reducing children’ smalnutrition inthe future. Theseinvestments should be seen as
complementsto more direct nutrition interventions, such as breast-feeding promotion
and nutrition education.

A key message of the report is that any comprehensive strategy for resolving the
problem of child malnutrition must include actions to address both its underlying and
basic causes. If national incomes and democracy are not improved, on the one hand,

Xii



the resources and political will necessary to increase investment in health environ-
ments, women' s education, women’ s relative status, and food availability will not be
forthcoming. On the other hand, if national incomes and democracy improve, but
additional resources are not directed toward improving the underlying determinants,
the improvements will make little difference.

Given resource constraints and the costs of aternative interventions, how should
policymakers prioritize investments to reduce child malnutrition most quickly? The
investments that should receive priority will differ by geographical area because they
differ in (1) the relative strength of the determinants’ effects and (2) the current prog-
ressin reaching the determinants’ desired levels. Thetop prioritiesin each developing
region, based on consideration of these two criteria, vary greatly.

In Sub-Saharan Africaand South Asia—the regionswith the highest rates of child
mal nutrition—improvements in per capita food availability and women's education
offer the best hopefor future reductionsin child malnutrition. An additional secondary
priority for South Asiais promotion of women’ sstatusrelativeto men’s. In East Asia,
the Near East and North Africa, and Latin America and the Caribbean, the primary
priority is women’s education and a second priority is women’s status relative to
men’s. Additional prioritiesarefood availability for East Asiaand health environment
improvements for Latin America and the Caribbean. To maintain the necessary re-
source base and political will for these investments, investments in national income
growth and democratic devel opment must be accelerated as well.
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CHAPTER 1

Introduction

T he causes of child malnutrition are complex, multidimensional, and interrelated.
They range from factors as broad in their impact as political instability and slow
economic growth to those as specific in their manifestation as respiratory infection and
diarrheal disease. In turn, the implied solutions vary from widespread measures to
improve the stability and economic performance of countries to efforts to enhance
accessto sanitation and health servicesin individual communities. Debates continue to
flourish over what the most important causes of manutrition are and what types of
interventionswill bemost successful in reducing the number of malnourished children.

An understanding of the most important causes of malnutrition® is imperative if
the current unacceptably high numbers of malnourished children are to be reduced. In
1995, 167 million children under five years old—al most one-third—were estimated to
be underweight in developing countries (Table 1). The region with by far the highest
prevalence, 50 percent, is South Asia. Thisregion also has the highest number of mal-
nourished children, 86 million (50 percent of the developing-country total). About
one-third of Sub-Saharan African children and one-fifth of East Asian children are
underweight. While the prevalence of underweight in the regions of the Near East and
North Africa(NENA) and Latin Americaand the Caribbean (LAC) are below 15 per-
cent, pockets of severe malnutrition within them, particularly in some Caribbean and
Centra American countries, remain.

Malnutrition causes a great deal of human suffering—both physical and emo-
tional. It isaviolation of a child's human rights (Oshaug, Eide, and Eide 1994). A
major waste of human energy, it is associated with more than half of all children’s
deaths worldwide (Pelletier et al. 1995). Adults who survive malnutrition as children
are less physicaly and intellectually productive and suffer from higher levels of
chronic illness and disability (UNICEF various years). The personal and socia costs
of continuing malnutrition on its current scale are enormous.

1Malnutrition is associated with both undernutrition and overnutrition. In this report, the term refers to cases of un-
dernutrition as measured by underweight rates. A child is considered underweight if the child falls below an anthro-
pometric cut-off of —2 standard deviations below the median weight-for-age z-score of the National Center for Health
Statistics’World Health Organization international reference.
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Whilethe number of malnourished children in the devel oping world hasremained
roughly constant, the prevalence of child malnutrition (or share of children who are
mal nourished) has been progressively declining (Table 1). It fell from 46.5 percent to
31 percent between 1970 and 1995, about 15 percentage points overall. This decline
indicates that, although reducing child malnutrition to minimal levelsremains a huge
challenge, fairly substantial progresshas been made over thelast 25 years. The pace of
progress has varied among the regions, however. Prevalences have fallen the fastest
for South Asia (23 percentage points) and the slowest for Sub-Saharan Africa (4 per-
centage points). In recent years there has been a deceleration: whereas from 1970 to
1985 the developing-world prevalence fell by 0.8 percentage points per year, from
1985101995 it fell by only 0.33. Thesituationisparticularly troubling in Sub-Saharan
Africawhere the share of underweight children actually increased from 28.8 percent
to 31.1 percent between 1990 and 1995. Since 1970, underweight rates decreased for
35 developing countries, held steady in 15, and increased for 12, with most of thelatter
countries being in Sub-Saharan Africa (WHO 1997).

Why have some countriesand regions done better than othersin combating child
malnutrition? The overall objective of this study is to use historical cross-country
data to answer this question. The study aims to improve our understanding of the
relative importance of the various determinants of child malnutrition, both for the
developing countries as awhole and for each individual region. In doing so, it also
aims to contribute to the unraveling of some important puzzles currently under
debate: (1) Why has child malnutrition been rising in Sub-Saharan Africa?
(ACC/SCN 1997); (2) Why are child malnutrition rates in South Asia so much
higher than those of Sub-Saharan Africa, that is, what explainsthe so-called “Asian
enigma’ ? (Ramalingaswami, Johnson, and Rohde 1996; Osmani 1997); (3) How
important adeterminant of child malnutritionisfood availability at anational level?
(Smith et al. 1999; Haddad, Webb, and Slack 1997); (4) How important arewomen’s
status and education? (Quisumbing et al. 1995; Osmani 1997; Subbarao and Raney
1995); (5) How important are national political and socioeconomic factors (such as
democracy and national incomes), and how do they affect child malnutrition?
(Anand and Ravallion 1993; Pritchett and Summers 1996). It is hoped that answer-
ing these questionswill contribute to the debate on how to make the best use of avail-
able resources to reduce child malnutrition in the devel oping countries as quickly as
possible now and in the coming years.

The study employs the highest quality, nationally representative data on child
underweight prevalencesthat are currently availablefor the period 1970-96 to under-
take across-country regression analysis of the determinants of child malnutrition. The
study differs from past cross-country regressions in four important ways. First,
extreme care has been taken in assembling, cleaning, and documenting the data used.
The quality of the data is obviously important to the credibility of the conclusions
drawn. However, little attention has been paid to thisissue outside of the World Health
Organization’s (WHO's) excellent WHO Global Database on Child Growth and Mal -
nutrition (1997), from which most of the data in this study are drawn. Second, the
econometric techniques employed are more rigorous than those used in most other



studies. A number of specification testsare employed to establish the robustness of the
results and the soundness of the specification and estimation procedures. Third, the
study goes beyond the simple generation of elasticities to estimate the contribution of
each nutrition determinant to reductions in child malnutrition over the past 25 years.
Fourth, national food availability projections from the IFPRI IMPACT modd
(Rosegrant, Agcaoili-Sombilla, and Perez 1995), together with assumptions about
future values of other determinants, are used to project levels of malnutrition in the
year 2020 under pessimistic, optimistic, and status quo scenarios, and key policy pri-
orities for each developing region are laid out.

The next chapter presents a conceptual framework for the determinants of child
malnutrition. Chapter 3 reviews previous cross-national studies on health and nutri-
tion. Chapters 4 and 5 present the data, methods, and estimation results of the study.
Chapter 6 containsaretrospective analysisof how child malnutrition has been reduced
over thelast 25 years, and Chapter 7 contains projections of child malnutrition for the
year 2020. Chapter 8 discusses regional policy priorities for reducing child malnutri-
tion over the coming decades. The report concludes with a summary of its main find-
ings, its limitations, and recommendations for future research.



CHAPTER 2

Conceptual Framework:
The Determinants of Child
Nutritional Status

T he conceptual framework underlying this study (Figure 1) is adapted from the
United Nations Children’s Fund' s framework for the causes of child malnutri-
tion (UNICEF 1990, 1998) and the subsequent extended model of care presented in
Engle, Menon, and Haddad (1999). The framework is comprehensive, incorporating
both biological and socioeconomic causes of malnutrition, and it encompasses causes
at both the micro and macro levels. It recognizesthree levels of causality correspond-
ing to immediate, underlying, and basic determinants of child nutritional status.

The immediate deter minants of child nutritional status manifest themselves at
the level of the individual human being. They are dietary intake (energy, protein,
fat, and micronutrients) and health status. These factors themselves are interde-
pendent. A child with inadequate dietary intake is more susceptible to disease. In
turn, disease depresses appetite, inhibits the absorption of nutrients in food, and
competes for a child’'s energy. Dietary intake must be adequate in quantity and
in quality, and nutrients must be consumed in appropriate combinations for the
human body to be able to absorb them.

Theimmediate determinants of child nutritional status are, in turn, influenced by
three underlying determinants manifesting themselves at the household level. These
arefood security, adequate care for mothersand children, and aproper health environ-
ment, including access to health services. Associated with each is a set of resources
necessary for their achievement.

Food security is achieved when a person has access to enough food to lead an
activeand headlthy life (World Bank 1986). The resources necessary for gaining access
to food are food production, income for food purchases, or in-kind transfers of food
(whether from other private citizens, national or foreign governments, or international
ingtitutions). No matter how much food is avail able, no child growswithout nurturing
from other human beings. This aspect of child nutrition is captured in the concept of
carefor children and their mothers, who give birth to children and who are commonly



Figure 1—Conceptual framework guiding empirical analysis
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their main caretakers after they are born. Care, the second underlying determinant, is
the provision by households and communitiesof “time, attention, and support to meet
the physical, mental, and social needs of the growing child and other household mem-
bers’ (ICN 1992). Examples of caring practices are child feeding, health-seeking
behaviors, support and cognitive stimulation for children, and care and support for
mothers during pregnancy and lactation. The adequacy of such care is determined by
the caregiver's control of economic resources, autonomy in decisionmaking, and
physical and mental status. All of these resources for care are influenced by the care-
taker’s status relative to other household members. A final resource for care is the
caretaker’s knowledge and beliefs. The third underlying determinant of child nutri-
tional status, health environment and services, rests on the availability of safe water,
sanitation, health care, and environmental safety, including shelter.

A key factor affecting all underlying determinantsis poverty. A person isconsid-
ered to be in absolute poverty when he or sheisunableto satisfy adequately hisor her
basic needs—such as food, health, water, shelter, primary education, and community
participation (Frankenberger 1996). The effects of poverty on child malnutrition are
pervasive. Poor households and individual s are unable to achieve food security, have
inadequate resources for care, and are not able to utilize (or contribute to the creation
of) resources for health on a sustainable basis.

Finally, the underlying determinants of child nutrition (and poverty) are, inturn,
influenced by basic determinants. The basic determinants include the potential
resources availableto acountry or community, which arelimited by the natural envi-
ronment, access to technology, and the quality of human resources. Political, eco-
nomic, cultural, and social factors affect the utilization of these potential resources
and how they are translated into resources for food security, care, and health envi-
ronments and services.

The conceptual framework of Figure 1 can be usefully placed in the context of a
multimember household economic model. The household behaves asif maximizing a
welfare function, W, made up of the utility functions of its members (U'), indexed
i =1,...,n. The household members include a caregiver who is assumed to be the
mother (indexed i = M), D other adults (indexedi =1,...,D), and J children (indexed
i =1,...,J). Thewefare function takes the form:

W(U,,,UL,,...,u> Uk, ... .ul;b) and b= (b™,bl,,....bD)), (1)

where the bs represent each adult household member’s “status.” Such status affects
the relative weight placed on members' preferences in overall household decision-
making, or their decisionmaking power. The utility functions take the form:

U'=U(N,F,X,,T,) i=1..,n=1+D+J. 2

whereN, F, X, and T  arel” N vectorsof thenutritional status, food and nonfood con-
sumption, and leisure time of each household member.



Nutritional status is viewed as a household provisioning process with inputs of
food, nonfood commadities and services, and care. The nutrition provisioning func-
tion for childi isasfollows:

N(i:h = N(Fivcilxli\l ;XivWHEnv, VVFoodeVNEnv)i =l,...,J, (3)

where C' isthecarereceived by thei child, and X, represents nonfood commodities
and services purchased for caregiving purposes, such as medicines and health serv-
ices. Thevariablex' servesasthe physiological endowment of the child (hisor her in-
nate healthiness). The variable W,,¢,,, represents the health environment, that is, the
availability of safe water, sanitation, and health services in the household’'s commu-
nity. Thevariable W,y representsthe availability of food in the community. Finally,
the variable Wy, represents the characteristics of the community’s natural environ-
ment, such as agroclimatic potential, soil fertility, and water stress level.

The child's care, C', is itself treated as a child-specific, household-provisioned
service with the time input of the child’s mother, T.. The mother’s decisionmaking
process in caregiving is assumed to be governed by the following functions:

c'=c(m/,N":EM Ww,) i=1...,J, and (4)
NM :N(FM-CMvXRIA;XM'WHEnv, V\/FoodeVNEnv-b)' (5)

In equation (4) EM is the mother’s educational level (assumed to be contemporane-
ously exogenous), which affects her knowledge and beliefs. The term W, represents
cultural factors affecting caring practices. NM is the mother’s own nutritiona status,
embodying the status of her physical and mental health. In addition to the variablesen-
tering into the child nutrition provisioning function, the mother’s nutritional status
may be determined by b, embodying her statusrelativeto other adult members. Inthis
context, the variablereflectsthe rel ative value placed on the mother’ swell-being both
by other household members and herself, the latter as reflected in her self-esteem.

The maximization of (1) subject to (2), (3), (4), and (5) adong with household
members’ time and income constraints leads to the following reduced-form eguation
for thei ™ child’s nutritional statusin any given year:

N& =0, x5 .., XM Wien,, Weood s Wagns We, EM P 1) 1 =1,...,3,  (6)

where P is avector of prices of Xo, Xy, F, and | isthe household’ s total (exogenous)
income.

Equation (6), a representation of household and individual behavior, can be used
to identify variables at the national level that are important determinants of children’s
nutritional status. These are women’srelative status (b), health environment (When),
food availability (Wkeoq), Characteristics of countries’ natural environments (Whgny),
cultural norms affecting caring practices (q.), women’ seducation (E*) and real house-
hold and national incomes (represented by | and P).



CHAPTER 3

Review of Past Cross-Country Studies

A number of cross-country studies of the determinants of child malnutrition and
related health outcomes have been carried out over the last five years. In this
chapter, three that address the determinants of health (an immediate determinant) and
six that directly address child malnutrition are reviewed. The goal isto give a broad
overview of these studies’ findings on the causes of child malnutrition and to identify
limitationsthat can be overcomein the present analysis. The studies and their findings
are summarized in the Appendix, Tables 22 and 23. Before moving on, it is useful to
consider the merits and demerits of cross-country studies.

General Issues Concerning Cross-Country Studies

Cross-country studies are a useful complement to within-country case studies mainly
becausethey exploit the fact that some variablesthat might be important determinants
of child nutrition, such as democracy and women’s status, may vary more between
countries than within them. Other variables may only be observed at a national level,
for example, national food suppliesand incomes. In addition, the use of cross-country
data for multivariate analysis identifies weaknesses in data series that might not be
identified through the casual observation of trends and two-way tables, thus generat-
ing ademand for improvement in dataquality. Finally, cross-country analysis can pro-
vide abasis for establishing policy priorities on aregional and global basis.

Several concerns regarding cross-country studies have been raised.? First, the
quality and comparability of the data themselves have been questioned. Data on dif-

2Many of the concerns expressed about cross-country studies are concerns that will plague any study employing
cross-sectional data. These include: (1) the lack of atheory that is specific enough to determine which variables be-
long in the regression equation (Salal-Martin 1997), (2) genera problems with making inferences from cross-
section datain that the counterfactual is never observed (Przeworski and Limongi 1993), and (3) the diminished abil-
ity to control for confounding variables (Pritchett and Summers 1996). Fortunately, in the area of malnutrition good
conceptual models are available to minimize problems related to model specification. In addition, econometric tech-
nigues—the techniques used in this study—are availabl e to account for problems of confounding variables. Theissue
of drawing inferences from cross-sectional data is a profound one and is a limitation that the authors of this report,
along with all other researchers who use cross-sectional data, have to acknowledge and respect.



ferent variables may come from different agencies, each of which hasits own quality
standard and sampling frame. Moreover, variable definitions may not be uniform
across countries. For example, the definition of “accessto safe water” may be differ-
ent between Egypt and Ghana. A second concernisthat data availability problemsare
more pronounced at the national level than they are for household-level analysis.
Studies must often employ available data as proxiesfor variablesfor which onewould
like to employ a more direct measure.

A third concern regarding cross-country studies relatesto their subnational appli-
cability. Child malnutrition isinherently anindividual and household-level phenome-
non. Can cross-country data be used to make inferences about household and
individual behavior? An implicit assumption isthat a country represents a*“ represen-
tative citizen.” But the use of average data can be misleading if distribution isimpor-
tant and differs across countries (Behrman and Deolalikar 1988). Similarly, results
arrived at through the use of cross-national data may not be applicable to individual
countries’ situations, yet it is at the country (and subnational) levelsthat many policy
decisions are made. That all countries are given equal weight in a cross-country
regression analysis may exacerbate this policy, yet many countries populations are
hundreds of times smaller than, for instance, China s and have populations that vary
widely in their characteristics and behaviors.

Finally, somevariablesthat are exogenous at a household level must be treated as
endogenous at the national level since they reflect choices of national policymakers.
Therefore, addressing endogeneity concerns is particularly crucia in cross-national
studies (Behrman and Deolalikar 1988). Because of the scarcity of data, however, itis
particularly difficult to do so and often not done.

The quality of the data employed in this study is discussed in Chapter 4. Care has
been taken to use only the best dataavailableto construct variablesthat asfar as possi-
ble measure the key variables in the conceptual framework. In Chapter 4 the issue of
using different regression weights for countries based on their population size is also
discussed, as well as the steps taken to address endogeneity issues. Concerning sub-
national applicability, it can only be said that cross-country studies, while often based
on aggregated household-level data, are intended to capture broad global and (for
some studies) regional trends. Readers must keep in mind that at the household level
there may be wide variation within countries; policies and programs targeted at a sub-
national level will haveto beformulated with these differencesin mind. The same can
be said of the concern about the applicability of the resultsto individual countries.

Past Studies of the Deter minants of Health and Child Malnutrition

The main determinants examined in the cross-country health determinants literature
are national incomes, poverty, education, and the state of countries' health environ-
ments, including the availability of health services. The outcome variables of interest
are measures of life expectancy and premature mortality.

In a1993 journal article, Anand and Ravallion seek to answer the question of how
health isaffected by per capitanational incomelevels, poverty, and the public provision
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of socia services. National income is measured as gross domestic product (GDP) per
capita, and poverty asthe proportion of a country’s population consuming less than one
dollar a day. Both measures are reported in U.S. dollars arrived at through exchange
rates adjusted to purchasing power parity (PPP) to improve cross-country comparabil-
ity. The public provision of social services is measured as public health spending per
capita. The authors find a strong simple correlation between national income and life
expectancy for 86 developing countries in 1985. Using ordinary least squares (OLYS)
regression techniques for a subsample of 22 countries for which they have comparable
data, they add poverty incidence and public health spending per person as explanatory
variables. They find that the significant, positive relationship between life expectancy
and national income vanishes entirely once poverty and public health spending are con-
trolled for. Poverty has a significant negative effect on life expectancy; public health
spending has a significant positive effect. A similar result is found by the authors for
infant mortality. The authors conclude that “ average income matters, but only insofar as
it reduces poverty and finances key social services’ (Anand and Ravallion 1993, 144) 2
They find that one-third of national incomes’ effect on life expectancy is through pov-
erty reduction and two-thirds through increased public health spending.

Subbarao and Raney (1995) focus on the role of femal e education using a sample
of 72 developing countries and data over the period 1970 to 1985. Using OL Sregres-
sion, they regress infant mortality ratesin 1985 on female and mal e gross secondary
school enrollment ratios lagged 5 and 10 years, GDP per capita (PPP-adjusted), rates
of urbanization, a family planning services score,* and a proxy variable for health
service availability, population per physician. They find that female education has a
very strong influence on infant mortality rates. Per capita national income, family
planning services, and popul ation per physician are statistically significant, but are not
as powerful asfemale education. The authors estimate that, for atypical poor country,
adoubling of female education in 1975 would have reduced infant mortality ratesin
1985 from 105 to 78. In comparison, halving the number of people per physician
would have reduced it by only 4 points (from 85 to 81) and a doubling of national in-
come per capitawould have lowered it by only 3 (from 102 to 99).

Neither of these two studies test for the possibility that a country’sincome itself
may be affected by the health of its citizens. The OL S regression technique employed
also does not account for any omitted country-specific effects that may influence
health outcomes and be correlated with the explanatory variablesincluded. They thus
risk identifying a merely associative rather than causative relationship between the
dependent and explanatory variables of interest.

3n alater study, Bidani and Ravallion (1997) use data on 35 devel oping countries to estimate arandom coefficients
model of life expectancy and infant/perinatal mortality rates on the distribution of income (breaking countries’ popu-
lations into groups of “poor” and “nonpoor”), public health spending, and primary schooling. They find poverty
to be an important determinant of health and they find that public health spending and primary school enrollment
matter, but more for the poor than the nonpoor.

4This score is based on several factors including community-based distribution of family planning services, social
marketing, and number of home-visiting workers.
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Pritchett and Summers (1996) take the income question a step further by applying
econometric techniques that detect and account for any possible spurious association
or reverse causation between health and income.® Using data from 1960 to 1985 for
between 58 and 111 countries (depending on the estimation technique employed), they
examinetheimpact of GDP per capita ($PPP) and education levelsoninfant mortality,
child mortality, and life expectancy. They eliminate possibly spurious correlation by
controlling for country-specific, time-invariant factors (such as climate and culture)
using afirst-difference approach. They control for possible reverse causation between
income and the outcome variables by employing instrumental variables techniques,
using avariety of instruments for income, for example, countries’ terms-of-trade and
investment rates. For all regressionsthe authorsfind a significant and negative impact
of income on infant mortality. The results are similar for other dependent variables
such as child mortality rates, but weaker for life expectancy. They conclude that “in-
creases in a country’s income will tend to raise health status’ (p. 865), estimating a
short-run (5-year) income elasticity of —0.2 and along-run (30-year) income el asticity
of —0.4. Education wasa so found to be asignificant factor inimproving health status.

Most of the explanatory variables considered in cross-national studies of child
mal nutrition are the same as for health outcome studies: per capita national incomes,
female education, and variables proxying for health service provisioning. Almost all
studiesa soincludefood avail ablefor human consumption as an explanatory variable,
measured as daily per capita dietary energy supply (DES) derived from food balance
sheets. The dependent or outcome variables employed are the prevalence of under-
weight or stunted children under age five.®

A study undertaken by the United Nations Administrative Committee on Coordi-
nation’ s Sub-Committee on Nutrition (ACC/SCN) (1993) examines the determinants
of underweight prevalence for 66 devel oping countriesfrom 1975 to 1992." The study
includes severa countriesfor which dataare available for more than one pointintime,
giving atotal number of observations of 100. Applying OLS regression, it finds that
DES (especialy for South Asia), female secondary school enrollment, and govern-
ment expenditures on social services (health, education, and socia security) are all
negatively and significantly associated with underweight prevalence. Regiona
effects, accounted for by using dummy variables, are found to be statistically signifi-
cant and especialy large for South Asia. This suggests that factors specific to South
Asiathat are not accounted for in the analysis are partly responsiblefor itshigh preva-
lence of malnutrition.

5Reverse causation between two variables means that the first variable affects the second and the second in turn af-
fectsthe first.

6 A child under age fiveis considered stunted if the child falls below an anthropometric cut-off of —2 standard devia-
tions below the median height-for-age Z-score of the United States’ National Center for Health Statistics’World
Health Organization international reference.

7 Notethat this study was undertaken with the primary aim of devel oping an estimating equation with the best predic-
tive value. Nevertheless, the estimation results identify variables, some of which may be causa factors, that are
statistically associated with child underweight rates.
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A 1994 ACC/SCN update focuses specifically on the role of per capitaincome
growth in determining annual changes in underweight prevalences for 42 devel op-
ing countries from 1975 to 1993. The study finds a statistically significant relation-
ship between GDP per capita growth and changes in underweight prevalence,® with
aone point increase in the growth rate of the former leading in general to a0.24 per-
centage point decrease in the underweight prevalence annually. Given an average
annual reduction in the underweight prevalence rate during the study period (esti-
mated from the reported regional averages) of 1.5, thisis afairly large effect. The
study concludes, however, that “ although economic growthisalikely factor in nutri-
tional improvement, the deviation from the rate expected is substantial and impor-
tant” (p. 4), suggesting that other factors are important as well. Gillespie, Mason,
and Martorell (1996) extend the ACC/SCN analysis to include consideration of a
rolefor public expenditureson social servicesand food availabilities. Using asubset
of 35 countriesinthe original data set, they find that level s of public health and edu-
cation expenditures (measured as a share of total government budgets) are signifi-
cant determinants of changes in underweight prevalences, but that both levels and
changesin food availability are not.’

Rosegrant, Agcaoili-Sombilla, and Perez (1995)™° use data from 61 developing
countries to regress underweight prevalences on DES, percentage of public expendi-
tures devoted to social services (health, education, and social security), female secon-
dary education, and as a proxy for sanitation, the percentage of countries’ populations
with access to safe water. The data employed are predicted underweight rates for
1980, 1985, and 1990 generated by the ACC/SCN (1993) study. The data over these
time periods were pooled and OLS regression techniques were applied. The study
found DES and social expenditures to be significantly (negatively) associated with
underweight rates, but female education and access to safe water were statistically
insignificant determinants.

Osmani (1997) attempts to explain the “South Asian puzzle,” that is, why South
Asd s child malnutrition rate is so much higher than Sub-Saharan Africa's, despite al-
most equal poverty rates, higher food availability in South Asia, and comparable levels
of public provision of health and sanitation services. The study employs OL Sregression
to explore the determinants of child stunting for 66 developing countries in the early
1990s. The initia explanatory variables are per capita GDP ($PPP), hedlth services
(proxied by population per physician), extent of urbanization, and the female literacy
rate. All arefound to beimportant determinants of stunting. A South Asian dummy vari-
ableis significant and quite large, indicating (as does ACC/SCN 1993) that additional

8|t isnot clear whether the GDP growth rates utilized are estimated using PPP-adjusted exchange rates or using data
generated by the traditional World Bank atlas method.

9Note that the “quasi” first differences approach, in which the dependent variable is expressed in changes over time
but some or all of the independent variables are not, does not account for country-specific (time invariant) factors as
would a purefirst differences approach.

10The estimationsin this study were also undertaken with the primary aim of developing an estimating equation with
the best predictive value rather than identifying causal relationships.
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factors explain South Asia s extreme rates of child stunting. Under the hypothesis that
the presence of rlatively high ratesof low birth weight are at theroot of the South Asian
puzzle, thisvariableisadded into asecond estimating equation, causing the South Asian
dummy variableto lose its significance. In athird estimating equation the dummy vari-
ableisdropped and replaced with thelow birth weight variable. Thelatter isstatistically
insignificant in this equation. The author concludes that low birth weight and factors
influencing it—particularly the low status of women in South Asia—are important
determinants of stunting. However, since low birth weight is endogenous (it is partialy
determined itself by both per capitaincome and female literacy), the OLS coefficient
estimates are likely to be biased, weakening the study’s conclusions.

Frongillo, de Onis, and Hanson (1997) examinethe determinants of child stunting
using datafrom 70 devel oping countriesin the 1980sand 1990s. They find national in-
come per capita,” DES, government health expenditures, access to safe water, and
female literacy rates al to be statistically significant factors. In addition to these vari-
ables, the study tests for the significance of four others representing countries’ socio-
economic and demographic structure: proportions of population that are urban,
proportions of population in the military, population density, and female share of the
labor force. It finds none of these variables to be significant determinants of stunting.
Asfor previous studies, regional effects are found to be strong and significant. They
are particularly strong for the “Asia’ region, which is represented by 17 countries
from South Asia, East Asia, and the Near East.

In conclusion, while suffering from some methodological limitations, the studies
reviewed above point to theimportance of four key variables as determinants of child
mal nutrition. These are per capita national incomes, women'’s education, variablesre-
lated to health services and the healthiness of the environment, and national food
availability. They present conflicting results, however, with respect to women’s edu-
cation, health environments, and food availability. Anand and Ravallion (1993) and
Osmani (1997) suggest that, in addition, poverty and variables affecting birth weight,
such as women'’s status, may be key. The studies also point to the importance of
accounting for potential differencesacrossregions, most particularly, that the determi-
nants for South Asiamay be different than those for the other regions.

Methodological Limitations of Past Cross-Country Studies

From a conceptual standpoint, most studies have not taken into account the differing
pathways through which the various determinants of child malnutrition influence it.
The danger of not doing so isillustrated in the study by Anand and Ravallion (1993).
Theanalysis showsthat income affects health mainly through itsinfluence on govern-
ment expenditures on socia services and poverty. When both income and other vari-
ables that income determines are included in the health regression equation, the
parameter estimate for income drops substantially in magnitude. This downward bias

11 The paper does not specify whether GDP is measured using PPP-adjusted exchange rates.
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results not because income is not important, but because its effect is already picked
up by the variablesit determines. Past studies that have mixed basic, underlying, and
immediate determinants in the same regression equation for child malnutrition'? have
probably underestimated the strength of impact and statistical significance of determi-
nants lying at broader levels of causality.

The studies reviewed here (with the exception of Pritchett and Summers 1996)
also have not addressed the important issue of endogeneity, in particular, correlation
between the error term and included explanatory variables. Endogeneity can arise
from anumber of different sources. Thefirst, mentioned earlier, isthe presence of re-
verse causality between child malnutrition and one of the explanatory variables. For
example, programsto improve health infrastructure may be targeted to countrieswith
high child malnutrition (the problem of endogenous program placement). The second
is the omission of important determinants of child malnutrition (whose effects are
relegated to the error term) that may be correl ated with the included explanatory vari-
ables. Cultural factorsinfluencing caring behaviors, for example, aredifficult to meas-
ure and are typically unobserved, but are important to nutritional outcomes. Their
exclusion can cause widespread omitted variabl es bias because they may be correlated
with included variableslike female education (Engle, Menon, and Haddad 1999). The
third is the simultaneous determination of child malnutrition and one of the explana
tory variables by some third unobserved variable. For example, restrictions on female
labor force participation (unobserved) might reinforcewomen’ slow status (apotential
determinant of child malnutrition) and simultaneously affect child malnutrition
through lack of income earned by women. A final source of endogeneity is measure-
ment error in the explanatory variables. If any of these four problems exists, OLS
parameter estimates will be biased, leading to inaccuracy in the estimates and error in
inferences based on them.

12 5ee Behrman and Deolalikar 1988 for further discussion of the use of “quasi reduced-form estimating equationsin
analysis of the determinants of health and nutrition.”
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CHAPTER 4

Data and Estimation Strategy

Explanatory Variables Employed

T his report focuses on the underlying and basic determinants of child malnutri-
tion. It addresses the role of explanatory variables that represent all three of the
underlying determinants described in the conceptual framework: food security, care,
and health environments, as well as the role of two variables representing the basic
economic and political determinants of child malnutrition. How past child malnutri-
tion influences current levelsis aso considered. The choice of variables, described in
this chapter, is guided by the conceptual framework (Figure 1), experience gleaned
from past studies, and data availability. Poverty is excluded from the analysis due to
scarcity of data.’®

Underlying Determinant Variables

Unfortunately no cross-national data on food security from nationally representative
household survey data are available. However, data do exist for one of its main deter-
minants: national food availability. This variable is used as a proxy, although it does
not fully account for the important problem of food access, which isaso essential for
the achievement of food security (Sen 1981; Smith et al. 1999).

Similarly, because no cross-national measures of maternal and child care that
cover the time span of the study exist, women'’s education and women's status relative
to men’s are used as proxies for this determinant. The education level of women—the
main caretakers of children—has several potentially positive effects on the quality of
care. More educated women are better able to processinformation, acquire skills, and
model positive caring behaviors. More educated women tend to be better able to use
health care facilities, to interact effectively with health care providers, to comply with

13 Recent, internationally comparable poverty data are available for only 41 of the 63 countries in the study sample
(World Bank 1998b). Further, data for more than one point in time are not always available (Ravallion and Chen
1997).
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treatment recommendations, and to keep their living environment clean. More edu-
cated women tend to be more committed to child care and to interact with and stimu-
late their children more. Finally, education increases women’ s ability to earn income,
but thisincreases the opportunity cost of their time, which may mitigate against some
important caregiving behaviors, for example, breast feeding (Engle, Menon, and
Haddad 1999).

Regarding women'’ s status, low status restricts women'’ s opportunities and free-
doms, reducestheir interaction with others and their opportunity for independent be-
havior, restricts the transmission of new knowledge, and damages self-esteem and
expression (Engle, Menon, and Haddad 1999). Status is a particularly important
determinant of two resourcesfor care: mothers' physical and mental health and their
autonomy and control over resources in households. The physical condition of
women is closely associated with the quality of the care they give, starting even
before a child is born. A woman'’s nutritional status in childhood, adolescence, and
pregnancy has a strong influence on her child’ s birth weight and subsequent growth
(Martorell et al. 1998; Ramakrishnan, Manjrekar et al. 1999). A woman who isin
poor physical and mental health provides lower quality care to her children after
they are born, including the quality of breast feeding. In general, when the care of a
child’ s mother suffers, the child's care suffers as well (Ramalingaswami, Johnson,
and Rohde 1996; Engle, Menon, and Haddad 1999). Whilewomen are morelikely to
allocate marginal resources to their children than are men, the less autonomy and
control over resourcesthey have, theless ablethey areto do so (Haddad, Hoddinott,
and Alderman 1997; Smith and Chavas 1997). In short, low statusrestrictswomen’s
capacity to act in their own and their children’ s best interests. Much work indicates
that it iswomen’s status relative to men’ sthat isthe important factor, especially for
resource control in households (Haddad, Hoddinott, and Alderman 1997; Smith
1998b; Kishor and Neitzel 1996). Therefore, women'’s status relative to men’swas
chosen as the explanatory variable.

Note that women’s education and rel ative status also play akey rolein house-
hold food security. In many countries women are highly involved in food produc-
tion and acquisition. The household decisions made in these areas are influenced
by women’s knowledge regarding the nutritional benefits of different foods and
their ability to direct household resources toward food for home consumption
(Quisumbing et al. 1995). Thusthe effect of women’ seducation and rel ative status
on child malnutrition will partialy reflect influences on food security as well as
mother and child care.

For health environment and services, access to safe water is chosen as an ex-
planatory variable. Improving water quantity and quality reduces the incidence
of various illnesses, including diarrhea, ascariasis (roundworm), dracunculiasis
(guinea worm), schistosomiasis, and trachoma (Hoddinott 1997). This variable
was chosen as a proxy for health environment and services because it is the vari-
able for which the most data are available and because the measure used here is
highly correlated with other measures of the quality of acountry’s health environ-
ment and services (see below).
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Basic Determinant Variables

To capture broadly the economic resource availabilities of countries, per capita na-
tional incomeis employed as an explanatory variable. National incomeis expected to
play afacilitating role in al of the underlying-determinant factors laid out above. It
may enhance countries’ health environments and services aswell aswomen’s educa-
tion by increasing government budgets. It may boost national food availability by im-
proving resources available for purchasing food on international markets, and, for
countrieswith large agricultural sectors, it reflects the contribution of food production
to overall income generated by households. It may improve women's relative status
directly by freeing up resourcesfor improving women’ slivesaswell asmen’s. Finaly,
there is a strong negative relationship between national incomes and poverty, as
shown by a plethora of recent studies (see, for example, Ravallion and Chen 1997,
Roemer and Gugerty 1997).

Toaccount for the palitical context withinwhich child malnutrition isdetermined,
democracy is used as an explanatory variable. As for national income, democracy is
hypothesized to play a facilitating role in all of the underlying-determinant factors
considered. The more democratic agovernment, the greater the percentage of govern-
ment revenues that may be spent on education, health services, and income redistribu-
tion. A more democratic government may also be more likely to respond to the needs
of all of itscitizens, women’saswell asmen’s, indirectly promoting women'’ srelative
status. With respect to food security, the work of Dréze and Sen (1989) and others
clearly points to the probable importance of democracy in averting famine. More
democratic governments may be more likely to honor human rights—including the
rights to food and nutrition (Haddad and Oshaug 1998)—and to encourage commu-
nity participation (Isham, Narayan, and Pritchett 1995), both of which may be impor-
tant means for reducing child malnutrition.

The estimation technique used only allows explicit consideration of observed
variables that change over time. However, unobserved time-invariant factors that
affect child malnutrition can be controlled for using econometric techniques. Some
important determinants of child malnutrition identified in the last section fall into the
latter category, for example, climate and sociocultural environments.

Past Child Malnutrition

Itiswell established that achild’ scurrent nutritional statusisconditioned by thechild's
preceding nutritional status. In addition, malnutrition in childhood is known to have
important long-term effects on the work capacity and intellectual performance of
adults, who are the caretakers of children (Martorell 1997). Recent studies have aso
pointed to an intergenerational effect of child malnutrition, which shows that women
who were malnourished as children are more likely to give birth to low birth-weight
children who are thus more likely to be malnourished themsel ves (Ramakrishnan et al.
1999). At acountry level, therefore, past prevaences of child malnutrition—regardless
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of current environmenta factors—arelikely to have an independent, numerically posi-
tive effect on current prevalences. They are thusincluded as an explanatory variablein
an extension of the main analysis.

The Data and Operational Measures of Variables

Theanalysisin thisreport is based on datafor 63 devel oping countries over the period
1970-96. The dependent variable is prevalence of children under age five who are
underweight for their age. The availability of high-quality, nationally representative
child underweight survey dataisthelimiting factor for inclusion of countries. Datafor
the explanatory variables are matched for each country by the year in which theunder-
weight data are available. For statistical reasons (see the next section), only countries
for which child malnutrition data are available for at least two pointsin time are in-
cluded. The total number of country-year observationsis 179.

The countries covered, classified by region, arelisted in Table 2. For each coun-
try, the years covered are given in parentheses. The average number of observations
per country is 2.8. The average number of years between observations for a country
is6.9. Morethan half of the countriesin South Asia, Sub-Saharan Africa, East Asia,
and Latin Americaand the Caribbean areincluded in the sample. The Near East and
North Africaregion, for which only 5 of 20 countries are included, has the poorest
coverage (seethe Appendix, Table 24 for alist of the regional grouping of develop-
ing countries). Overall, the sample covers 57 percent of the developing countries
and 88 percent of the 1995 population of the developing world. While the data have
not been purposefully sampled in arandom manner, they are believed by the authors
to adequately represent the population of developing countries.™

The data are compiled from various secondary sources. The measures for the
explanatory variables, their definitions, and sample summary statistics are given in
Table 3. In this section, a brief description is given for each. All numbersin the data
set and their sources as documented by variable, country, and year are provided in a
Data and Sources Supplement, available on the web at <www.cgiar.org/ifpri/pubs/
abstract/111/rr111apx.xIs> (which is a Microsoft Excel file) or in hard copy by
reguest. The construction of a complete data set (containing no missing values) and
full use of the available data necessitated estimation of values for a small number of
observations on the explanatory variables (2 percent) using first-order regression tech-
niques (Haddad et al. 1995).

14/t is possible that countries with low rates of child malnutrition and high incomes are better able to conduct na-
tional surveys of malnutrition. In this case these countries would be overrepresented in the sample. However, it is
equally likely that national-level malnutrition surveysare carried out in low-income countrieswith high rates of mal-
nutrition due to the increased interest in them by institutions with external funding sources. Note that for four coun-
tries, Ethiopia, India, Kenya, and Nepal, child malnutrition rates are available only for the rural population. Corre-
sponding data on the explanatory variables employed in the analysis are from nationally representative samples.
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Child Malnutrition

For child malnutrition (CHMAL), a measure of the prevalence of underweight chil-
dren under age five is employed. The criteria for identifying an underweight child is
that the child’'s weight-for-age be more than two standard deviations below the
median, based on the National Center for Health StatisticsWorld Health Organi zation
(NCHS/WHO) international reference. This measure represents a synthesis of height-
for-age (identifying long-term growth faltering or stunting) and weight-for-height
(identifying acute growth disturbances or wasting).”> Most of the data—75 per-
cent—are from the World Health Organization’s Globa Database on Child Growth
and Malnutrition (WHO 1997). These data have been subjected to strict quality con-
trol standards for inclusion in the database.

The criteriafor inclusion of surveysin the WHO Global Database are

* aclearly defined population-based sampling frame, permitting inferencesto be
drawn about an entire population;

» aprobabilistic sampling procedure involving at least 400 children;

* use of appropriate equipment and standard measurement techniques;

* presentation of data in the form of Z-scores in relation to the NCHSWHO
reference population (WHO 1997).

A second source of data, 17 percent, isfrom ACC/SCN (1992 and 1996), whichis
felt to be of adequate quality. A third source of data, 7 percent, isfrom World Devel op-
ment Indicators (World Bank 19974), for which the quality of datais unsure based on
earlier experiencesusing it. All of the dataweretested for potentially erroneousvalues
and, subsequently, several observations from the latter source were discarded.'®
Where data are reported for under-three-year-olds rather than under-five-year-olds
(12 percent of the data points), the datawere converted to under-five-year-old equiva-
lents based on a technique employed in ACC/SCN (1993) (see the Data and Sources
Supplement).

I5Whilein the past national-level data.on stunting and wasting were more rare than data.on underweight, they are be-
comingincreasingly available and more widely employed asindicators of child malnutrition (see ACC/SCN 1997 for
thefirst review of trendsin stunting, for example). Future cross-country panel data studies of the causes of child mal-
nutrition will be able to use both of the indicators, which are likely to have different determinants (Victora 1992;
Frongillo, de Onis, and Hanson 1997).

16 A DFFITS procedure was employed to detect observations with unusually large or small values for the dependent
variable or for one of the explanatory variables. The DFFITS statistic is a standardized measure, calculated for each
observation, of the effect of dropping the observation on the fitted value of the dependent variable (see Haddad et al.
1995). For each observation for which the DFFITS statistic was above an established threshold, all variables were
checked thoroughly for possible error by examining how well they conformed with other datain nearby years and
checking with alternative sources. Asaresult of this procedure, anumber of countrieswere excluded from the sample
including four countries for which at least one (of the two necessary) data points was from the World Bank
(1997a)—Botswana, the Central African Republic, Iran, and Paraguay—aswell as 1970 data pointsfor Céte d’ Ivoire
and Nigeria. No original source was reported for these data, and their values could not be justified through compari-
son with other data or sources.
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National Food Availability

For national food availability, daily per capita dietary energy supply (DES) for each
country is used. This measure is derived from food balance sheets compiled by the
Food and Agriculture Organization of the United Nations (FAO) from country-level
data on the production and trade of food commodities. Given dataon seed rates, wast-
age, stock changes, and other types of utilization of food commodities (such as animal
feed), a supply account is prepared for each commodity in terms of the weight avail-
able for human consumption each year. Total energy availability isthen estimated by
converting the weights of each commodity into energy values and aggregating the
energy valuesacross commodities. The aggregate energy supply isthen divided by the
population size to arrive at per capita DES. The data employed were obtained from
FAO's 1998 FAOSTAT database.

Women’s Education

Female gross secondary school enrollment rates (FEMSED) are used as a proxy
measure for women'’s education. The variable is defined as total female enrollment
in secondary school education, regardliess of age, expressed as a percentage of the
population age group corresponding to national regulationsfor education at the sec-
ondary level. It is thus a measure of the current percent of secondary-school-aged
females who have compl eted primary school and completed some secondary educa-
tion. The data are from the United Nations Educational, Scientific and Cultural
Organization's UNESCOSTAT database (UNESCO 1998).

Women’s Relative Status

Thereisno agreed upon measure of “women's status.” Most measures availablein the
literature are multiple-indicator indexes (for example, UNDP 1992; Kishor and Neitzel
1996; Mohiuddin 1996; Ahooja-Patel 1993), which are vulnerable to charges of arbi-
trariness in composition and aggregation method (Deaton 1997). As discussed earlier,
women'’s status relative to men’s rather than their absolute status was chosen as the
explanatory variable. The measure employed is the ratio of female life expectancy a
birthto malelife expectancy at birth (LFEXPRAT). Lifeexpectancy at birthisdefined as
the number of yearsanewborninfant would liveif prevailing patterns of mortality at the
time of hisor her birth were to stay the same throughout his or her life.

A long lifeisuniversally valued, not only for its own sake, but also becauseitisa
necessary reguirement for carrying out a number of accomplishments (or “capabili-
ties’) that are positively valued by society (Sen 1998). Writes Sen, “Gender bias. . .is
very hard to identify, since many of the discriminations are subtle and covert, and lie
within the core of intimate family behavior.” Comparisons of the mortality (the con-
verse of life expectancy) of women and men can be used to “throw light on some of the
coarsest aspects of gender-related inequality” (p. 10). Inegualitiesin life expectancy
favoring males reflect discrimination against females (as infants, children, and
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adults), entrenched, long-term gender inequality, and, ultimately a lower status for
women than for men. While the chosen measure has some drawbacks, the authorsfeel
that it isa good proxy indicator of the cumulative investments in women relative to
men throughout the human life cycle.!” The source for the life expectancy data is
World Development Indicators (World Bank 1998a).

Access to Safe Water

The percentage of countries’ populations with access to safe water (SAFEW) is the
measure used for this variable. It is defined as the population share with reasonable
accessto an adequate amount of water that iseither treated surface water or water that
is untreated but uncontaminated (such as from springs, sanitary wells, and protected
boreholes). An adequate amount of water is the amount needed to satisfy metaboalic,
hygienic, and domestic requirements, usually about 20 liters per person per day
(World Bank 1997b). SAFEW is used to proxy the broad dimensions of countries
health environments, including accessto sanitation and health care (for which insuffi-
cient data exist) in that measures of these variables are highly correlated with it.%
Countries with high access to safe water are likely to have good health environments
and services overal. The data are from various issues of UNICEF's State of the
World's Children and the World Health Organization (WHO 1996).

The measure of accessto safe water isthe onein thisresearch that givesriseto the
most concern regarding data quality. In particular, walking distance or time from
household to water source is the principle criterion used for ng safe water ac-
cess, but the definition varies across countries (WHO 1996). Thisproblemispartially

17 patterns of mortality and life expectancy are the outcomes of many factors, including malnutrition during child-
hood, chronic diseases (both diet related and nondiet related), wars, HIV/AIDS, and childbirth for instance. These
events are based, to alarge extent, on human behavior and choices. The chosen measure—theratio of femalelife ex-
pectancy to male life expectancy—is not a perfect measure of gender status differentials. For example, adecreasein
male status cannot be claimed simply because men take up smoking at a faster rate than women. However, in line
with Sen, a measure of gender inequality should capture the “coarsest forms of gender-related inequality.” If male
life expectancy were to decrease relative to female life expectancy for areason related to gender-specific access to
food and care, the validity of the measure in terms of itsimplications for child nutrition would hold, all else being
equal. Despite its imperfections, the measure is the most complete available for the countries and years for which
child malnutrition data are available. Even if more complete data were available for other potential cross-country
proxy indicators (which they are not), they also have problems in terms of (1) definitions (for example, with the fe-
male share of the formal employment sector, it is notoriously difficult to get standardized definitions of “formal sec-
tor,” and it is difficult to ascertain true formal |abor force participation of women due to cultural and other invisible
barriersto entry), and (2) cross-country validity (for example, measures comparing female and mal e education rates
do not account for cross-country differencesin educational quality for girlsand boys). Note that for the countries and
yearsin our sample for which another proxy measure of women'’srelative status is available—the ratio of female to
male secondary school enrollment—the Pearson correl ation coefficient with the female-to-malelife expectancy ratio
i50.454 (p=.000).

18 The Pearson’s correlation coefficient between SAFEW and the measure “popul ation with access to sanitation” is
0.63 (p=.000, with 114 observations). That between SAFEW and the measure “ popul ation with access to health care”
i50.59 (p=.000, with 92 observations). The widely reported measure “population per physician” is not used because
the authors do not believe that this variablereflectsthe quality of health environments of the types of poor househol ds
likely to have malnourished children living in them.
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accounted for in the regression estimations by controlling for country-specific attrib-
utes (see the next section). Care has also been taken to detect and investigate outliers
for the variable and to construct tests for measurement error.

Per Capita National Income

For per capitanational income, real per capita GDP isthe measure used, expressed in
PPP-comparable 1987 U.S. dollars. GDP in local currencies is converted to interna-
tional dollars using PPP exchange rates so that the final numberstake into account the
local pricesof goods and servicesthat are not traded internationally. The dataarefrom
the World Bank’s World Devel opment Indicators (World Bank 1998a).2°

Democracy

For degree of democracy (DEMOC) an average of two seven-point country-level in-
dexes from Freedom House (1997) are used, one of political rights and one of civil
liberties, giving each an equal weight. Political rights enable people to participate
freely in the political process and to choose their leader freely from among compet-
ing groups and individuals. Civil liberties give peopl e the freedom to act outside of
the control of their government, to develop views, institutions, and personal auton-
omy (Ryan 1995). The combined index ranges from 1 to 7, with “ 1" corresponding
to least democratic and “7” to most.

Estimation Strategy

The dependent variable, child malnutrition (CM), is hypothesized to be determined by
K explanatory variables, denoted X and indexed by k= 1,...K. It isassumed that the
basic model relating these variables takes the form:

5 :
CM; =a+a b X, ; +u; i=L...,mt=1..T, 7)
k=1

where i denotes countries, t denotes time, a is a scaar, b isa K~ 1 vector of
parameters, and u;; is an error term. For expository purposes, it is assumed that all
countries’ observations are for the same time periods—that the panel is“balanced.”

Equation (7) isestimated by OLS. In this case, all of the observations on individ-
ua countries and time periods are pooled. The error term u;; isassumed to be stochas-
tic and normally distributed with mean zero and constant variance s 2. The estimating
equation is

19These data are only reported from 1980 to the present. To arrive at comparable PPP GDP per capitafiguresfor the
1970s, it was necessary to impute growth rates from the data series on GDPin constant local currency unitsand apply
them to countries’ 1987 PPP GDPs.
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5
CMj =a +a by Xy i + U, Uy ~N(0,52). (8)
k=1

With the availability of data at more than one point in time for each country, the
opportunity existsto control for unobserved heterogeneity acrosscountriesintheform
of country-specific, time-invariant factorsinfluencing child malnutrition. To do so, an
“error components’ model (Baltaji 1995) isused. Specifically, thismodel allows con-
trols of country-specific factors that do not trend upward or downward over 13-year
periods, the averagetimeinterval covered for acountry inthe sample. Thefactorsmay
be climate, characteristics of countries’ physical environments (such as soil type and
topography), or deeply embedded cultural and social mores. The model aso allows
control of measurement errors and noncomparabilitiesin the data that arise from defi-
nitional and measurement differencesat the country level (Ravallion and Chen 1997).

Error components models can be divided into two types, fixed effects (FE) and
random effects (RE). In the RE approach, unobserved heterogeneity is considered to
be random error, with the expected value of each country’s error having a mean of
zero. An important assumption isthat this error is uncorrel ated with the other regres-
sors. In the FE approach, unobserved heterogeneity is considered to be fixed and dif-
ferent for each country (Hsiao 1996). According to Balestra (1996), “ The question of
knowing whether an effect isfixed or random is extremely delicate. . .” (p. 30). There
appear to be no clear rules guiding the choice.”

Solely for statistical considerations, the choice between the FE and RE formula:
tionsinvolves atrade-off between consistency and reliability. The FE approach sacri-
fices degrees of freedom in order to attain consistency because an effect is estimated
for each individua country. While the RE approach will yield inconsistent parameter
estimatesif correlation between the country-specific effects and the regressors exists,
itis more efficient.

Another consideration in the choice of the FE or RE approach isthe context of the
data. The FE model isdeemed appropriate when the unitsin asample are exhaustive of
the population, since the results are conditional on the particular units observed. In
contrast, the RE model applieswhen the sampleisarandom sample of alarge popula-
tion about which inferences are to be made.

Inthe present study, the* population” isdevel oping countries of which the sample of
63 countries makes up the majority. The sample seemsto befairly representative of the
developing countries as awhole, and the analysis based on an FE formulation can rea-
sonably be used to make inferences to the population even though the sample was not
selected randomly. The FE approach isthustaken. Nevertheless, in the analysisthat fol-
lows, aHausman test is conducted for the correl ation between the country-specific error

20The discussion of fixed versus random effects is based on a review of Deaton (1997, 105-108); K ennedy (1992,
222-223); Green (1997, 623-634); Baltaji (1995, Chapter 2); Balestra (1996, 30-31); Hsiao (1996, 93-95); and Ra-
vallion and Chen (1997).
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terms and the regressors (atest that is often used to inform the choice between the FE
and RE modéls), and the RE results are presented for comparison.
The country FE model is asfollows:

5
CMj = a+a b Xy + m +vi v ~N(0,5), 9)
k=1

where the m is the unobservable country-specific, time-invariant effects and v;; is sto-
chastic. The actua estimating equation is obtained by transforming the observations
on each variable into deviations from the country-specific averages:

1 Dox

by (Xijt = Xiei) +(my - M) +(vi - V). (10)
1

Since the m are time-invariant, (m; - m ) =0, and the terms drop out of the mode!.
Unbiased and consistent estimates of the b, can be obtained using OL S estimation if
the error term does not contain components that are correlated with an explanatory
variable.

In recognition of the differences in levels of causality implied in the conceptual
framework, separate “reduced-form” equations are estimated for the underlying-
determinant variables (health environment, women’s education and status, and
national food availability) and the basic-determinant variables (national income and
democracy) for both pooled OLS and FE estimations. The ways in which the basic
determinants work through the underlying determinants to affect child malnutrition
can then be explored.

In each of the estimating equations, if the explanatory variables are correlated
with the error term for any of the reasons outlined in Chapter 3, then biased estimates
will result. The estimation strategy already addressesthisproblem asfar as possible by
(2) specifying estimating equations in which the hypothesized basic determinants are
separated from the underlying determinants and (2) controlling for country-specific,
time-invariant unobserved factors. The problem is further addressed by undertaking
two sets of tests.

Thefirst isthe Ramsey Regression Specification Error Test (RESET) for omitted
variable bias. To perform thistest, amatrix Z is constructed of the second, third, and
fourth moments of the fitted values of countries’ child malnutrition prevalences. The
equations are then re-estimated including the variablesin Z asregressors. If the coeffi-

21Fromapractical standpoint, equation (9) can be estimated by including adummy variablefor each country, essen-
tially allowing each country its own intercept term (thus the model is also known asthe Least Squares Dummy Vari-
able [LSDV] model). Thefirst-differences approach is not used because there are many countries for which the sam-
ple contains more than two observations (see Table 2), in which case first differencing across individua countries
observations is no longer equivalent to fixed-effects estimation.
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cientson the Z variables arejointly significant, the null hypothesis of no omitted vari-
ablesbiasisrejected (Haddad et al. 1995).

Thesecond test isthe Hausman-Wuinstrumental variables (1V) test for endogeneity
of theexplanatory variables(Haddad et a. 1995; Davidson and Mackinnon 1993). Inthe
presence of such endogeneity, the FE estimates areinconsistent (asymptotically biased).
The Hausman-Wu test determines whether there isa significant difference between the
FE parameter estimates and parameters estimated using 1V estimation, of which thelat-
ter are consistent in the presence of endogeneity. The test is undertaken in two steps.
First, the potentially endogenous variables are regressed on the remaining (assumed
exogenous) variablesand aset of “instruments.” Such instruments must satisfy two con-
ditions: (1) they must be good predictors of the potentially endogenous variables; and
(2) they must not be associated with child malnutrition except through those variables.

To test for endogeneity of X; in the static FE model (equation 9), for example,
giveninstruments zy, ..., Zs, the estimating equation is

K &
Xit = %taA Gt TM +a 9gZyg +Y it (11)
k=2 g=1
In the second step of the test, the dependent variable is regressed on al explanatory

variables plus the predicted residuals from the first stage, denotedy ;; :

& .
CMj; = Xg + @ X Xy g +m +hy o +Py;. (12)
k=1

The null hypothesis that the explanatory variable is not endogenousis rejected if the
coefficient on the predicted residualsis statistically significant. In the presence of en-
dogeneity, 1V estimates are consistent but not efficient. If there is no difference be-
tween the 1V and (OL S-estimated) FE estimates, then the more efficient FE estimates
arepreferred. If, however, thelV estimatesare significantly different from the FE esti-
mates, then the IV estimates are preferred.

The credibility of the Hausman-Wu test resultsrests on the ability to locate proper
instruments for the potentially endogenous variables. Before performing the tests,
therefore, two further tests are conducted to find out if candidate instruments are
appropriate. Thefirst, a“relevancetest,” determines whether the sel ected instruments
can in fact explain variation in the potentially endogenous variables to be instru-
mented (Bound, Jaeger, and Baker 1995). Thetestisan F test on thejoint significance
of the instruments in a predicting equation for each potentially endogenous variable.
For the example, it isan F test of thejoint significance of zy, . .., z1, in equation (11).
If the instruments are jointly significant, the null is rejected, and the instruments are
considered “relevant.” Note that the biasin IV estimates can be approximated by 1/F
(where“ F” isthe F-test statistic), multiplied by the bias from FE estimation. Henceif
F =1thelV estimates are as biased as the FE estimates.
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The second test, an “overidentification test,” determines whether the candidate
instruments directly affect the dependent variable other than through the potentially
endogenous variable to be instrumented (Davidson and Mackinnon 1993). It tests
whether theinstrumentsare correlated with the error term from 1V estimation. Return-
ing to the FE model example, thetest takesplaceintwo steps. Inthefirst, the predicted
residuals from atwo-stage least squares regression of the child malnutrition equation
denoted are calculated. In the second step, the predicted residual s are regressed on the
exogenous variables and the instruments:

A

K §
Pit=0dota d Xyt tm +a dgZyg tE;. (13)
k=2 g=1

Thestatistic N~ R2, where N isthe number of observations, is distributed c? with de-
grees of freedom equal to the number of instruments minus the number of potentially
endogenous variables being tested (in the example, 1). The (joint) null hypothesis
tested is that the instruments are uncorrelated with the error term from the child mal-
nutrition equation and the model is correctly specified. This test can only be per-
formed when there is more than one instrument.

If any set of instrumental variables does not pass the relevance tet, then it is not
employed for the Hausman-Wau test. If asufficient number of instrumentsisavailable
for performing the overidentification test and the test is not passed, then the instru-
ments are not employed. The variables giving particular concern about endogeneity
arefood availability, national income, democracy, and safe water access, for which the
possibility of reverse causality with child malnutrition exists.” For the latter variable,
endogeneity due to measurement error is also a concern.

Chow F-testsfor structural change are performed to determine whether there are
significant differences across the devel oping-country regions in the parameter esti-
mates. The sum of squared residuals (SSR) of a regression including al regions is
compared with the sum of the SSR of five separate regressions, one for each region.
An F-test is used to determine whether the null hypothesis that the parameter esti-
mates arethe same acrosstheregionsisrejected. Five separatetests are also conducted
in which each region is successively removed from the full sample as a comparison
group. Thislatter set of tests helpsto identify which particular regions are the source
of any differences.

Given the limitations of the unbalanced panel, it is not appropriate to estimate a
two-way error componentsmodel inwhich period dummiesareincluded intheregres-
sion equation (9). Nor isit possible to include atime trend as aregressor. Thisis be-
cause any particular year or even group of years (a decade, for example) is not

22Reverse causality for safe water accessis a concern becatise governments may target safe water programsto areas
with high malnutrition. Reverse causality for food availability and national incomes is a concern because malnour-
ished people are likely to be less productive food producers and income earners. For democracy the concern is that
malnourishment may lead to political instability, an environment not conducive to democratic governance.
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availablefor al countriesin the study. In this case, estimated period effects would not
represent the effect of the time period for all countries. Their inclusion would misrep-
resent the period effects for the sample and popul ation and inappropriately distort the
regression coefficients on the substantive explanatory variables.

However, some of the dynamics of child manutrition determination can be
explored using a reduced sample. Next, three modifications of the base models that
include lagged child malnutrition as a regressor and, where appropriate, a time trend
areexplored.”® Thefirstisasimple OLSmodel. Equation (8) ismodified asfollows:

K
CMj; = bgCM .3 +@ by Xicjp + Ui, Uy ~N(0,5%), (14)
k=1

whereCM ,_jisthe lagged value of CM; .
The second dynamic specification is based on afixed-effects approach. The base
estimating equation is as follows:

K
CMj; =bCM; (.1 +@ by Xy +m +Vii, Vi ~N (0,5 %), (15)
k=1

wherev;; isstochastic. Equation (15) cannot be estimated using the standard OL S pro-
cedure. If by * 0, CM, , isafunction of the error term, and OL S estimation yields bi-
ased and inconsistent estimates. Eliminating this bias requires, first, undertaking a
first-difference transformation to wipe out the country fixed-effect term, yielding the
following estimating equation:

(CMj; - CM; 1) =bo(CM; ;- CM; )

K
+a b (X it - Xijig-1) (Vi - Vigo1)- (16)
k=1

Second, the term (CM; ;_; - CM, _,) must be instrumented. The instrumental vari-
ablefor thetermis(CM, ,_,) itself, whichis correlated with (CM; ;_; - CM; ;_,) but
not with (v; ; - v; ;) (Baltaji 1995).

Thethird dynamic specification adds to the second atime trend and initial values
of the explanatory variables. The base estimating equation is

23Themodels presented here are termed “ dynamic models,” defined as those including lagged val ues of the depend-
ent variable as regressors. The intention isto rely on the past behavior of the variable to be better able to model its
current state. Thisis purely adistinction of statistical nomenclature and does not mean that results based on a statisti-
cally “static” specification cannot be used for making inferences about changes in a dependent variable over time.
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K K
CMj; =bCM; (s +a by Xy iy +d+ A dytwy ; +my +Vie, vy ~N(0;s?%), (17)
k=1 k=1

wherew; istheinitial value of an explanatory variable. Thesetermsareinteracted with
thetimetrend in order to permit the effect of initial conditions on current child malnu-
trition to vary over time. A first-difference transformation yields the following esti-
mating equation:

(CM; - CMi,t-l):bo(CMi,t-l' CMi,t-Z)

K K
+a b (Xt - X)) +05+a QWi + (Vig = Vig1)s (18)
k=1 k=1

where S=t- (t- 1), the length of the spell between the time periods. This term
allows for uneven spacing of the observations across countries characterizing the
unbalanced panel.** As for equation (16), the term (CM, ,_, - CM; ,_,) must bein-
strumented with CM; ,_,. Because estimation of equations (16) and (18) requires
three observations for each country, the estimations are undertaken with data from
only 36 of the sample countries.

Before moving on to the estimation results, note that the data used in the regres-
sion analysis are not population-weighted. This is because the countries, not people,
arethe unit of analysis, and the goal isto use the variation across countriesto draw out
the relationships between child malnutrition and determinants measured at the na
tional level. However, the effects of population size have been controlled for in the
construction of the explanatory variableswhere needed, and the fixed-effectsanalysis
partialy controls for large differences in population across countries.

24The usual constant (which is replaced by the term ¢S) is suppressed.
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CHAPTER 5

Estimation Results:

New Evidence from Cross-Country
Data, 1970-96

Descriptive Analysis

hild malnutrition prevalences and means of the explanatory variables are pre-

sented in Table4 by devel oping region and decade.® The numbersfor the devel-
oping countries as awhole are given in Table 5. Figures 2—7 show the country-level
data: child malnutrition prevalences are plotted against each variable using data
pooled across al countries and time periods. Thefitted linesin each figure are arrived
at using a Lowess smoothing technique.?

Theregional trends and levels of child malnutrition in the sample closely follow
those for the developing countries as awhole in Table 1. South Asia had the highest
prevalence of child malnutrition during the period, with arate roughly double that of
the next highest region, Sub-Saharan Africa (Table 4). More than half of al South
Asian children under five were underweight for their age. Roughly one-third were
underweight in Sub-Saharan Africa and one-fifth in East Asia. NENA and LAC had
the lowest underweight rates. The regions whose rates have declined the most are
South Asia and East Asia. Sub-Saharan Africa is the only region for which under-
weight rates have increased.

Turning to the underlying-determinant explanatory variables, NENA and LAC
had the highest overall rates of accessto safe water, more than 70 percent, while Sub-
Saharan Africa had the lowest at 37.5 percent, illustrating the high degree of inequaity
across the regions (Table 4, column 2). Improvements in access to safe water during
the study period have been extraordinary. For thefull sample, the percentage of people

25The measures of the explanatory variables are used in the tables and figures throughout this report. For example,
“female-to-male life expectancy ratio” is given instead of “women’s status relative to men’s.”

26The Lowess smoother produces locally weighted regression smoothing, using iterative weighted least squares
(SPSS 1993).
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Table 5—Child malnutrition (underweight) prevalences and explanatory
variable means, 1970s, 1980s, and 1990s

Per cent
Change change
1970sto  1970sto

Variable 1970s 1980s 1990s 1990s 1990s
Child malnutrition (percent) 50.7 29.0 285 -22.2 -43.8
Access to safe water (percent) 36.3 61.6 69.0 32.7 +90
Female secondary school enrollment 21.7 345 45.0 233 +107
(percent)
Female-to-male life expectancy ratio 1.024 1.055 1.047 0.023 +2.25
Per capita dietary energy supply 2,187 2,440 2,564 377 +17.2
(kilocalories)
Per capita GDP ($) 1,772 1,871 1,904 132 +7.45
Democracy (1 = least democratic) 3.96 2.86 2.66 -13 -32.8
Number of observations 31 75 73 e .
Number of countries 29 54 58

Note: The means reported in this table are calculated based only on the country-year pairs included in the
study data set, and therefore must be considered illustrative (see Table 10 for an aternative estimation of
thechangesintimeusing dataon al of the study countriesfor consecutivefive-year intervals). They are
population-weighted.

having access to safe water more than doubled, starting at 36.3 percent in the 1970s,
increasing quickly to 61.6 percent in the 1980s, and rising to 69 percent by the 1990s
(Table 5). Therates of improvement were greatest for East Asiaand South Asia. Fig-
ure 2 illustrates that the negative association between national rates of accessto safe
water and child malnutritionisfairly strong, especially after asafe water accessrate of
40 percent has been reached.

With respect to women'’s education, Sub-Saharan Africa had the lowest rate of
enrollment in secondary school, at 15.6 percent (Table 4, column 3). South Asia srate,
at only 23.8 percent, was also very low. For the full sample, femal e secondary school
enrollment rates improved steadily during the period, rising from 21.7 percent in the
1970s to 45 percent in the 1990s. Nevertheless they remain quite low, with less than
half of the age-eligible women in developing countries entering secondary school.
Figure 3 shows the negative association between female secondary school enroll-
ments and child malnutrition rates. The association is especially strong where female
enrollment rates are very low (below 40 percent).

Theindicator of women’ s statusrelative to men’ swasthelowest by far in South
Asia, withfemale and malelife expectancy being roughly equal (Table4, column 4).
Women' slife expectancy in the developed countriesis on average six to seven years
longer than men’'s (Mohiuddin 1996). The ratio in Norway, for example, is 1.08.
Thus South Asia' sratio of 1.01 isextremely low. Sub-Saharan Africa, East Asia, and
NENA haveratiosof 1.06, 1.05, and 1.04, respectively, still below what iscommon
in developed countries. LAC had the highest ratio of the developing-country
regions, which at 1.09 is on a par with the developed-country level. Over time, the



Figure 2—Prevalence of underweight children by accessto safe water, by
region, 1970-96
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

ratio for the devel oping countriesasagroup increased from 1.02 in the 1970sto 1.05
in the 1990s (Table 5). This change, while small in absolute terms, is equal to about
one-eighth of the variable’s entire range (0.97 to 1.12—see below). The ratio has
improved or remained fairly steady in all regions except Sub-Saharan Africa. The
negative association between life expectancy ratios and child malnutrition preva-
lencesisfairly strong for the sasmple asawhole (Figure 4). Therelationship appears
to be very strong at lower life expectancy ratios, where most of the South Asian data
points fall, flattening out after about 1.05.

Per capita DESs were lowest in South Asia and Sub-Saharan Africa during the
period. The minimum daily dietary energy requirement for an activeand healthy lifeis
about 2,150 kilocal ories (FAO 1996). Supplies (not intake) in these regionsbarely sur-
passed thisrequirement (Table 4, column 5). The minimum DES considered necessary
(but not sufficient) for bringing the share of food insecureto avery low 2.5 percent of a
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Figure 3—Prevalence of underweight children by female secondary schaool
enrollment, by region, 1970-96
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

country’ spopulationis 2,770 kilocalories (FAO 1996). The dietary energy supplies of
East Asia and LAC neared this level; NENA's surpassed it. From the 1970s to the
1990s, DES increased in al regions except Sub-Saharan Africa. Figure 5 pointsto a
strong negative association between DES and child malnutrition rates.

Per capita GDP was lowest for South Asia and Sub-Saharan Africa and highest
for LAC (Table 4, column 6). From a descriptive standpoint, Figure 6 indicates a
negative relationship between per capita national incomes and child malnutrition
in developing countries. However, at the extremes there is much less correspon-
dence. Two observations are worth noting. First, above a per capita GDP threshold
of $3,000, it is rare to find a child underweight rate above 25 percent. Most of
the LAC and NENA data points fall into this category. Second, below a per capita
GDP of $2,000, where most of the Sub-Saharan African and South Asian data points
lie, there are striking differences in the prevalences, ranging from 12 percent to
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Figure 4—Prevalence of underweight children by female-to-malelife
expectancy ratio, by region, 1970-96
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

71 percent. While high income and high child malnutrition generally do not coexist,
itispossible—and not uncommon—for countriesto achieve low levelsof child mal-
nutrition even with low per capitaincomes. Some countriesin the sample for which
thisisthe case are Céte d' Ivoire (in 1986), Lesotho (in 1981), Nicaragua (in 1993),
and Zimbabwe (in 1994).

The region that has been least democratic during the study period is East Asia
(Table4, column 7). Interestingly, South Asiaand LAC, while at opposite extremeson
underweight rates, appear to have been equally democratic over the 25-year period.
These regions had the highest democracy index scores. Democracy hasimproved for
South Asia, Sub-Saharan Africa, and LAC; it has deteriorated for East Asia and
NENA. Itistheonly explanatory variablethat has declined for the devel oping-country
sample as awhole, falling from about 4.0 in the 1970s to 2.7 in the 1990s (Table 5).
Figure 7 illustrates that the regions vary widely around the regional meansreported in
Table 4, and that the association between democracy and underweight is distinctly
negative, especially at the democracy index extremes.

37



Figure 5—Prevalence of underweight children by per capita dietary energy
supply, by region, 1970-96
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Multivariate Analysis

According to the descriptive analysis of the last section, improvements in all of the
hypothesized explanatory variables|ead to reductionsin child malnutrition. However,
the bi-variate relationships identified may mask the variables' confounding influ-
ences. The goal of this sectionisto single out the independent effect of each variable,
while controlling for the others. In the section, the parameter estimates for the static
models and the results of the specification tests are first presented. Next, the practical
significance of the parameter estimates are discussed, and the possibility of significant
regional differencesisinvestigated. Finally, the determinants of child malnutrition are
explored from a dynamic perspective.
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Figure 6—Prevalence of underweight children by per capita GDP, by region,

197096
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Estimation Results for Static Models

Parameter Estimates. The pooled OLS and country FE estimation results are pre-
sented in Table 6. Here all independent variables are assumed to enter into equations
(8) and (9) linearly. Tests for nonlinearities in the FE estimating equations revea a
curvilinear relationship between child malnutrition prevalence and two variables: per
capita DES and per capita GDP. The estimation results when these relationships are
taken into account are given in Table 7. Thefinal preferred estimates are those gener-
ated using FE estimation and three-segment linear splines to represent the CM-DES
and CM-GDP rel ationships. Neverthel ess, the other estimations are presented and dis-
cussed in order to demonstrate a number of methodological points.
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Figure 7—Prevalence of underweight children by democracy index, by region,

197096
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Table 6 compares the pooled OLS and FE estimation results for both the
underlying-determinants model and the basi c-determinants model. The only differ-
ence between the OLS and FE estimating equations is the inclusion of 63 country-
specific dummy variables in the latter. F-tests for the joint significance of the
dummy variables strongly reject the null hypothesis that they have no impact on
child malnutrition.

A comparison of the pooled OLS and linear FE parameter estimates points to
someimportant differences. First, for the underlying-determinant specifications, once
the country fixed-effectstermsareincluded, the magnitudes of the coefficientson safe
water access (SAFEW), the female-to-male life expectancy ratio (LFEXPRAT), and
DES drop substantially, and they lose statistical significance. This finding indicates
that OL Sestimates of the effects of these variableson child malnutrition are biased up-
ward. Second, while the OLS estimates suggest that the effect of female secondary



Table 6—Child malnutrition regressions. Ordinary least squares and country

fixed effects, linear specifications

Pooled ordinary least

squares (OLS) Country fixed effects (FE)
Underlying Basic Underlying Basic All
determinants determinants  determinants determinants determinants
Variable 1) 2 (3) (4) (5)
Accessto safe water -.139 —-.085 -.069
(SAFEW) (2.7)x** (2.14)** @.7*
Female secondary school —-.068 -.167 =177
enrollment (FEMSED) (1.27) (2.64)*=** (2.78)***
Female-to-malelife =177 -93.45 -111
expectancy ratio (5.23)*** (2.25)** (2.6)**
(LFEXPRAT)

Per capita dietary energy —.012 —.0081 —-.0077
supply (DES) (3.65)*** (2.48)** (2.21)**
Per capita GDP (GDP) —.0048 —.0023 1.20E-04

(8.2)*** (2.46)** (.137)

Demoacracy (DEMOC) -.274 o —-.884 -.779
(.44) (1.67)* (1.68)*

R2 433 .346 .943 916 .945
Adjusted R2 420 .338 910 .869 .910

Notes: The dependent variableis prevalence of underweight children under five. The number of observations
for al regressionsis 179 (63 countries). Absolute values of t-statistics are given in parentheses.
* Significant at the 10 percent level.
** Significant at the 5 percent level.
*** Ggnificant at the 1 percent level.

school enrollment (FEMSED) is statistically insignificant and small, the FE resultsin-
dicate strong statistical significance and a much stronger effect (the coefficient on
FEMSED is 150 percent higher). OL S estimates of the effects of femal e education are
thus biased downward. For the basic determinant specifications, the OL S coefficient
estimate for GDP is biased upward; that for democracy (DEMOC) is biased down-
ward. These differences illustrate the strong biases that result when unobserved
country-specific, time-invariant factors are omitted from regression analysis of thede-
terminants of child malnutrition.

Column (5) of Table 6 contains FE estimation results when both underlying and
basic determinants are combined in the same estimating equation. While the parameter
estimates of the four underlying determinants and DEMOC differ little from the FE
separate-model estimates, the magnitude of the coefficient estimate for GDP declines
substantially and becomes statistically insignificant. The combined-model specification
suggestsaweak rel ationship between per capitanationa income and child malnutrition.
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Table 7—Child malnutrition regressions. Country fixed effects, nonlinear
specifications

Three-segment linear spline

Quadratic DES and GDP curves DES and GDP curves
Underlying Basic Underlying Basic
determinants  determinants determinants  determinants
Variable Q) ) ) 4)
Access to safe water (SAFEW) -.072 .. -.076
(1.84)* (1.95)*
Female secondary school -.232 .. -.220
enrollment (FEMSED) (351)*** (3.41)***
Female-to-male life expectancy —74.89 o -71.8
ratio (LFEXPRAT) (1.83)* (1.74)*
Per capita dietary energy supply -.067
(DES (3.00)***
DES 1.24E-05
(2.66 * K %
DES spline
DESE£ 2,300 (n=93) . . -.0170
(3.41)***
2,300 < DESE£ 3,120 (n=83) . o —-.0024
(2.16)**
DES> 3,120 (n=3) .0405
(1.35)
Per capita GDP (GDP) . —-.0121
(468)* * %
GDP? . 9.67E-07
(403 * %k
GDP spline
GDP £ 800 (n=37) —.0444
(3.15)***
800 < GDP £ 4,725 (n=118) -.0067
(2.63)***
GDP > 4,725 (n=24) .0006
(3.37)***
Democracy (DEMOC) L -1.45 . -1.27
(2.81)*** (2.51)**
R? 947 927 947 930
Adjusted R2 914 884 914 .889

Notes: The dependent variableis prevalence of underweight children under five. The number of observations
for all regressionsis 179 (63 countries). Absolute values of t-statistics are given in parentheses.
aThe choice of spline segmentsistheresult of agrid search with minimum sum of squared residualsasthecrite-
rion. The coefficient on the third segment remains positive and statistically insignificant even when the cut-off
point is lowered considerably (which would make the number of data points sufficient for the estimation of a
significant coefficient).
* Significant at the 10 percent level.

** Significant at the 5 percent level.

*** Ggnificant at the 1 percent level.
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The separate-model specification, on the other hand, suggests astatistically signifi-
cant and practically strong relationship. These contrasts illustrate the dangers of com-
bining variables at very different levels of causdity in the same regression when the
intention is to estimate the independent effects of the variables.

Starting from the FE modéels, tests for the significance of all quadratic and inter-
action terms are undertaken to determine whether any nonlinear relationships exist be-
tween child malnutrition and its determinants.”’ No statistically significant interaction
termswere detected.” However, coefficients on quadratic termsfor both DESand GDP
arestatistically significant and positive, indi cating that they work to reduce child malnu-
trition but have adeclining marginal effect. Along with the quadratic, anumber of ater-
native functional forms were fitted to determine which best captures the curvature.

For DES, the quadratic provides a better fit than both reciprocal and linear log
specifications. The estimation results for the quadratic specification are given in col-
umn (1) of Table 7. The turning point in the CM-DES curve is 2,727 kilocal ories per
capita. Theresult suggeststhat, after theturning point, increased per capitaDESworks
to worsen child malnutrition. The study sample contains 29 data points (mostly in the
Latin Americaand Caribbean and Near East and North Africaregions) that fall above
this number. While a declining marginal effect isintuitive, a positive oneis not.

To test whether the quadratic upturn is in fact implied by the data rather than
“forced” onit by thefunctional form, the curve wasfitted asalinear spline. An exten-
sive grid search was undertaken to locate the knot combinations yiel ding the smallest
sum of squared residuals. The best fitting function was athree-segment splinewith op-
timal knots at 2,300 and 3,120 kilocalories.® Next, with the lower knot anchored at
2,300, aspline function with the second knot at 2,727 kilocalorieswas estimated. The
coefficient on the third segment of the spline was positive but insignificant (t = 1.0).
Hence, the upturn implied by the quadratic function is not substantiated by the data,
and the spline-generated estimates are preferred.

Thelinear spline estimates are reported in Table 7, column (3). Thefirst and second
segments of the spline have negative and significant slopes, with the second having a
much smaller dopethan thefirst. The coefficient of thethird segment isnot statistically
different from zero. The quadratic and spline specifications differ littlein terms of over-
al fit and in the coefficients on the non-DES explanatory variables. However, their
shape differs substantialy at high levels of DES asillustrated in Figure 8.

27 Other available tests of nonlinearities are based on comparisons of subsamples of data across the range of an inde-
pendent variable (Chow F-testsfor structural change, Utts Rainbow test, the CUSUM test, see Green 1997; Haddad et
al. 1995). Because subsamples of datain the set do not contain the same countries, the same fixed-effectstermsdo not
apply to them al. Thusthe tests are not valid for detecting nonlinearities in country fixed-effects analysis.

28 Note, however, that micro-level studies have found evidence of significant interactions between the various deter-
minants of child malnutrition, for example between food security and health (Haddad et al. 1996).

29Two knot sets proved to fit the data equally well: (2,300; 3,120) and (2,280; 2,940). For both, the coefficients on the
third segment were statistically insignificant (n.b. the number of sample data points with DES. 3,120 is 3; the number
with DES 2,940 is 13). The former was chosen because it allows more data from the sample to be used for estimations
of the coefficients for the usable (first two) segments, thus producing more efficient parameter estimates for them.



Figure 8—Prevalence of underweight children and per capita dietary energy
supply (DES): Linear, quadratic, and spline curves

Percent underweight (fitted)
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Asfor DES, the quadratic form of the CM-GDP relationship provides a better
fit than other nonlinear specifications. The estimation results for the quadratic
specification are given in column (2) of Table 7. The turning point in the function
is$6,250. Linear splinefitting resultsin athree-segment spline with optimal knots
at $800 and $4,750. The estimation results are presented in column (4) of Table 7.
Asfor DES, thefirst and second segments of the spline have negative and signifi-
cant slopes, with the second having a much flatter slope than the first. The last
segment has a positive (though very small) and statistically significant slope, sug-
gesting the possible existence of a slight upturn in the function after its second
knot (Figure 9).

In addition to the estimated quadratic and spline curves, Figures 8 and 9 show the
estimated CM-DES and CM-GDP functions when a linear form is assumed. For the
underlying-determinants model, an F-test of the hypothesisthat the actual slope of the
functionisconstant isrejected at the 5 percent level; for the basi c-determinants model,
the hypothesisisrejected at 1 percent. These results confirm substantial nonlinearity
in the CM-DES and CM-GDP relationships.



Figure 9—Prevalence of underweight children and per capita gross domestic
product (GDP): Linear, quadratic, and spline curves

Percent underweight (fitted)
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

The parameter estimates derived from the spline specificationsin columns (3) and
(4) of Table 7 are adopted as the preferred estimates for the policy analyses of Chap-
ters6, 7, and 8. However, the quadrati c estimations are employed for the specification
tests (see the next section) due to greatly reduced time costs.

In Figure 10, the predicted child malnutrition preval ences generated from pooled
OL S and the preferred spline-generated FE estimations are plotted against the actual
prevalences for the underlying-determinants model. Figure 11 shows the same com-
parison for the basic-determinants model. Asboth figuresillustrate, the preferred esti-
mates yield much more accurate in-sample predictions. Most of the difference is due
totheinclusion of the fixed-effectsterms (rather than the allowance of nonlinearities).
Itisinteresting to note that the data points exhibiting the greatest error in the OL S esti-
mates rel ative to the FE estimates are mainly from South Asia® This suggeststhat the

30|n Figure 8, the OL'S data points exhibiting the greatest error are for Bangladesh (4), India (2), Sri Lanka (2), and
Viet Nam (1). In Figure 9, the data points are Bangladesh (4), India(2), Sri Lanka (1), Nepal (1), Philippines (1), and
Guatemala (2).
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Figure 10—Actual underweight prevalences, by predicted prevalencesfor OLS
and country fixed effects, underlying deter minant models
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

importance of country-specific, time-invariant factors in influencing child malnutri-
tion in South Asian countries is greater than that for the other regions, a finding that
will be addressed in more detail |ater.

According to the conceptual framework (Figure 1) and comparison of the
separate-model and combined-model specification presented earlier, the basic deter-
minants affect child malnutrition through their influence on the underlying determi-
nants. Table 8 gives country fixed-effects regression estimates of the impact of GDP
and DEMOC on each underlying determinant using the quadratic form for the
CM-GDP curve. All parameter estimates are statistically significant except for
DEMOC in the FEMSED (column 2) and LFEXPRAT (column 3) equations.

Specification Tests. Ramsey RESET test for Omitted Variables (OV) bias. The FE
basi c-determinants model weakly rejects the null hypothesis that the Z matrix proxy
variables are zero, that is, that no OV biasexists. The null hypothesisisrejected at the



Figure 11—Actual underweight prevalences, by predicted prevalencesfor OLS
and country fixed effects, basic deter minant models
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5 percent level but not at the 1 percent level. For the underlying-determinant FE model
the null hypothesisis not rejected. This indicates that the preferred FE specifications
are probably not plagued by serious OV bias, but with more confidence in the
underlying-determinant than basic-determinant specification. Note that the OLS
basi c-determinants model strongly rejectsthe null hypothesis, suggesting that thereis
strong OV biasin the parameter estimates. For the underlying-determinant model the
null isweakly rejected (at a5 percent significance level).

Hausman-Wu endogeneity tests. The instrumental variable candidates for the
Hausman-Wu tests are listed in Table 9. Only one instrument each is identified for
SAFEW and LFEXPRAT. Multiple instruments are available for FEMSED, DES, and
GDP. The rationale for selection of each instrument is given in the table, along with
the data sources. The instruments “arable land per capita’ and “economic openness’
are not significantly correlated with DES and GDP, respectively (see last column).
They are thus excluded from further testing. No instrument is identified for DEMOC.
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Table 8—Underlying-deter minant variable regressions with basic-deter minant
variables asindependent variables

Female Female-to-male Per capita
Accessto secondary school lifeexpectancy dietary energy
safe water enrollment ratio supply
(SAFEW) (FEMSED) (LFEXPRAT) (DES)
Variable 1) 2 3) (4)
Per capita GDP (GDP) 0174 .0148 1.0E-05 4105
(2.85)*** (3.72)*** (1.90)* (6.26)***
GDP? —-1.31E-06 -9.32E-07 —-8.2E-10 —2.79E-05
(2.31)** (2.53)** (1.67)* (4.59)***
Democracy (DEMOC) 3.49 .981 —-.002 26.28
(2.87)*** (1.23) (1.57) (2.0)**
R 835 922 901 902
Adjusted R? 740 877 .845 846

Notes: The number of observationsfor all regressionsis 179 (63 countries). Absolute values of t-statisticsare
given in parentheses. The regressions are estimated using a country fixed-effects spccification.
* Significant at the 10 percent level.
** Significant at the 5 percent level.
*** Ggnificant at the 1 percent level.

Table 10 reports the results of the relevance, overidentification, and Hausman-Wu
tests for the FE model specifications. The tests for SAFEW and LFEXPRAT are re-
stricted to subsampl es of the full sample because dataon their instrumentsare scarce.
The instrument for LFEXPRAT (percent of births attended by health staff) does
not pass the relevance test. Therefore, the Hausman-Wu test cannot be performed for
the women’ srelative statusindicator. One set of instruments for DES—land in cereal
production, fertilizer use, and irrigated land—also does not pass the relevance test.
Fortunately, another set, that containing only fertilizer use and irrigated land, passes
the test at a5 percent significance level. One set of instruments for FEMSED—male
primary enrollments and public expenditures on education—also does not pass the
relevance test. Two other sets do, however. The instrument for SAFEW (water re-
sources) and the instrument set for GDP (investment share of GDP and foreign invest-
ment share of GDP), also passtherelevancetest. For all relevant instrument sets, F>1.
Thus|V estimates, if deemed preferable, would belessbiased than the FE estimates.
The overidentification test cannot be performed for SAFEW as only one instru-
ment is available. While thereis no statistical evidence that this variableis not corre-
lated with the error term in the CHMAL equation, intuition suggeststhat it is not (see
“Rationaefor Instrument Choice” in Table9). Therefore, the Hausman-Wutest is per-
formed, assuming that the water resource instrument is valid despite its limitations.
For FEMSED, only the instrument set containing the availability of secondary school
teachers and public expenditures on education passesthe test. It isthis set that is used
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for the Hausman-Wu test. For DESand GDP thetest isundertaken for the linear mod-
elsin columns (3) and (4) of Table6.* Both setsof instrumentseasily passthetest: the
null hypothesis that the instruments should not be included in the list of origina
explanatory variables and are not correlated with the error term in the CHMAL equa-
tions is not rejected. Therefore, it is assumed that the instrument sets satisfy these
conditions for the nonlinear model as well, and that they are valid for performing
the Hausman-Wu test.

Thevariables SAFEW, FEMSED, DES, and GDP all pass the Hausman-Wu test.
Thet-statisticson h in equation (12) (reported in column 5) areall statistically insig-
nificant.*

The above test resultsindicate that (1) these variables are likely not endogenous,
(2) thedirection of causality runsfrom the variablesto child malnutrition (and not vice
versa), and (3) the fixed-effects (FE) estimates are not serioudly plagued by measure-
ment error problemsfor thevariables. Inlight of the results, one can proceed under the
assumption that the FE estimates are as accurate as possible given current data con-
straints. Since SAFEW, DES, and GDP are the variables for which there is most con-
cern about reverse causality and (in the case of SAFEW) measurement error, the more
efficient FE estimates are used rather than the IV estimates for the remainder of this
analysis. In addition, that the estimations are based on a sound conceptual framework
(Figure 1) and are undertaken with respect to changes over time in the variables
provides further assurance that a causal, rather than merely associative, relationship
between child malnutrition and the explanatory variables has been identified.

Hausman test for fixed-effects ver sus random effects (RE). As discussed in Chap-
ter 4, FE estimates are preferred to RE estimates. Here the results of aHausman (1978)
test are given for information only. The test evaluates the null hypothesis that the
country-specific effectsand the regressors are correlated, in which case RE estimation
isinappropriate. Thenull isrejected (p = .39), indicating that the assumption of no cor-
relation between the effects and the regressorsis correct, and RE estimation would be
avalid procedure. For the interested reader, a comparison of the FE and RE estimates
for the underlying-determinants quadratic model is presented in Appendix Table 30.

31The test is not performed using the quadratic model because DES and GDP are too highly correlated with their
squares, such that thetest’s power isdiminished. For theinterested reader’ sinformation, arelevancetest for DESand
DES-sguared using an instrument set made up of fertilizer use, irrigated land, and these variables squared is not
passed (p=0.163 for DES p=0.11 for DES-squared). The overidentification test using this instrument set gives ap-
vaue of 0.87.

32 An attempt was made to undertake the tests for multiple independent variables. However, the sample sizes for the
tests proved to be too small for most combined instrument sets. The only variables for which sufficient data exist to
perform adual test are DESand FEMSED. Two instrument sets passed the relevance and overidentification tests for
thevariables. Using thefirst set (fertilizer use, irrigated land, male primary enrollments, and public education expen-
ditures), the Hausman-Wu test was passed when a5 percent significance level criterion was employed, but not when
a 10 percent criterion (more stringent) was employed (p=.07, n=152). For the second instrumental variable set (in
which secondary school teachers replaces education expenditures), the test was passed, employing the 10 percent
level criterion (p=.11, n=136). The test statistics are uncorrected. If they were corrected, the p-values would be even
higher, giving added support to the finding that FEMSED and DES are not endogenous in the fixed-effects CHMAL
equation.
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Interpretation of the Parameter Estimates. Returning to the preferred estimates in
column (3) of Table 7, the coefficients on the first three of the hypothesized
underlying-determinant variables are statistically significant and negative. Increased
access to safe water, increased education of women, and increased relative status of
women all work to reduce prevalences of child malnutrition in developing countries,
while increased quantities of food available at a national level do so as well. The
strength of their effect declines as they increase. According to the datain the sample,
they have no effect after aDES level of about 3,120 kilocalories.

Consider next the basic-determinant results in column (4). The coefficient on
DEMOC is negative and statistically significant, suggesting that increased democracy
servesto reduce child malnutrition in developing countries. Asindicated by the statisti-
cally significant and negative coefficients on the first two segments of the GDP linear
spline, increased national incomes per capita also work to reduce child malnutrition.
The strength of the effect declines, however, as they increase. After aleve of about
$4,725, they no longer contribute to reductions in child malnutrition.

The estimation results in Table 8 clarify the means through which GDP and
DEMOC affect child malnutrition. The coefficient on GDP in all equationsis sig-
nificant and positive. The coefficient on GDP-squared is significant and negative.
Theresults suggest that per capitanational incomeis probably animportant resource
base for investment—both public and private—in health environments, women's
education, women’s relative status, and food availabilities. However, the impact of
incremental increases in national income tends to decline as incomes rise (as
reflected in both quadratic and spline estimation results when CHMAL is the
dependent variable). The coefficient on DEMOC is significant and positive in the
SAFEW and DES equations. This result implies that democratic governments are
morelikely to direct their budgetsto improvementsin health environments and food
availabilities. They are not more likely to direct public resources toward women's
education or to women vis-a-vis men.®

How substantial, in apractical sense, are the estimated effects of the determinants
on child malnutrition and how do they compare across determinants? In making such
comparisons, again, it isimportant to consider the underlying- and basi c-determinant
variables separately since the determinants lie at different levels of causality.

To gart with the underlying determinant variables, Table 11, column (2), reports
eladticities derived from the coefficient estimates of the FE basic- and underlying-

B The GDP coefficient(s) in the basic-determinant model (s) captures both the indirect effect of per capita national
income on CHMAL and any direct effectsthat may exist. The value of thetotal differential of CHMAL with respect to
GDP captures both effects. For the quadratic specification, at the sample mean thetotal differential is—0.0076 (calcu-
lated from Table 7, column 2). The value of the indirect effects of GDP on CHMAL through the underlying determi-
nants is—0.006 (calculated from the coefficientsin Table 7, column 1 and Table 8, columns 1-4). The small differ-
ence between the two gives further evidence that GDP mainly has its effects on child malnutrition through the
underlying determinants. The similar comparison for DEMOC indicates that democracy most likely has effects on
CHMAL through other means than the underlying determinants. For the quadratic specification, the value of thetotal
differential of CHMAL with respect to DEMOC is—1.45. The value of the indirect effects through the underlying de-
terminantsis—0.55, about one-third of the total.
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determinant child malnutrition regressions. These numbers give the percentage of re-
duction in the prevalence of developing-country child malnutrition that can be expected
from a 1 percent increase in each variable.* Among the underlying-determinant vari-
ables, by far thelargest reduction in the child malnutrition prevalence—3.1 percent—is
predicted to come from a 1 percent increase in the ratio of femae-to-male life expec-
tancy. Thisamounts to a decline of 0.8 percentage point in the sample mean prevalence
of 24.6 percent, about two-and-a-half times the annual decline in the last decade. The
expected effect is thus quite large. Per capita DES has the next highest eladticity, at
—0.95. The elagticity for the first segment of the DES spline function is even higher,
while that for thelast is zero. The elasticity of FEMSED is—0.3. That of SAFEW isthe
lowest among the underlying-determinant variables, at —0.174.

Compared to the elasticities of LFEXPRAT and DES(for thefull sample), those of
FEMSED and SAFEW are quite small. However, the variables are all measured in dif-
ferent units. In comparing the strengths of their effects, attention must be paid to the
range of numerical values each actually takes on. These ranges, based on the mini-
mum and maximum values observed among developing countries over the period
1970-95, aregivenin Table 11, column (3). Therangesfor SAFEWand FEMSED are
roughly equal, at about 1 to 100. The comparison of their elasticities is thus straight-
forward. However, it isdifficult to compare the variable SAFEW with LFEXPRAT: the
latter takeson valuesfrom 0.97 to 1.12. A 1 percent increasein SAFEW over the sample
mean would raiseit from 56.2 percent to 56.8 percent, quiteasmall changein terms of
its 1 to 100 percent range (only 0.6 of a percent of the range). A 1 percent increase in
thevariable LFEXPRAT over itssample mean (1.062 to 1.071), by contrast, represents
6 percent of itsentire range. Thus, whilethe variable LFEXPRAT hasalarge elasticity
and SAFEW a small one, it would take quite alarge increase in the former, compared
with the latter, to raise the variable by 1 percent.

Taking this scaling factor into account, the rel ative strengths of impact of the vari-
ables can be seen from the standpoint of how much an increase in each would be
required to bring about the same changein child malnutrition. For example, how much
would each have to be increased (holding the others constant) to reduce the malnu-
trition prevalence by 1 percentage point? These increases are given in Table 11, col-
umn (4). They are trandated into “scale neutral” numbers that are comparable across
variables by calculating each number as a percent of its range (column 5).

A 13.1 percentage-point increase in population with access to safe water would
be required to bring about a 1 percentage-point reduction in the prevalence of child
mal nutrition. This represents 13.2 percent of the variable’ srange. By contrast, the re-
quired increase in femal e secondary school enrolimentsis only 4.6 percentage points,
representing only 4.6 percent of its range. Thus the required increase in safe water
access to bring about the same reduction in child malnutrition is much higher than the

34Full sampleelasticitiesfor DESand GDP are estimated using (1) aweighted average of regression coefficientsfor
each of the three spline segments, where the weights are the proportion of the sample data pointsfalling into each seg-
ment; and (2) sample variable means. Segment-specific elasticities are calculated using segment-specific regression
coefficients and segment-specific variable means.
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required increase in female school enrollments. The required increase in per capita
DES for the full sample (101 kilocalories) is 4.9 percent of its range; that of the
female-to-male life expectancy ratio (0.0134) is 9.3 percent of itsrange. Therefore a
rough ranking of the underlying determinant variablesin terms of their potency inre-
ducing child malnutrition is women’s education (greatest potency), followed closely
by food availahility, followed by women’ srelative statusin third place, and safe water
accessinfourth place. Notethat for countriesfalling into the low DES range (£ 2,300)
food availability is ranked first and women’s education second. For countries falling
into the medium and high (>3,120) DES ranges, however, women's education is
ranked first and food availability last. The policy implications of these rankings will
be drawn out more fully in Chapter 8.

For the basic determinant variables, national income appears to be a more potent
force for reducing child malnutrition than is democracy. The full sample elasticity of
GDP per capita, at —1.26, is much higher than that of DEMOC (-0.18). The required
increasein GDPto reducethe child malnutrition preval ence by one percentage point is
$74. Thisis a very small proportion of the variable's range, less than 1 percent. By
contrast, avery large changein democracy would be required to bring about the same
change, an increase in the index of 0.8 points (13 percent of its range). The stronger
impact of national income than democracy holds even for the medium GDP segment
(between $800 and $4,725). For the high GDP group ($4,725), however, democracy
prevails as the most potent basic determinant.

Differences Across Regions. Past studies suggest that there may be differences
across the developing regions in the determinants of child malnutrition or in the
magnitude of their effects, especially for South Asia (see Chapter 3). For the
underlying-determinants FE model, a Chow F-test of parameter stability acrossthe
regions does not reject the null hypothesis that all the coefficients are identical
across regions.® While some regional differences probably do exist, they are not
strong enough to detect given the data in the sample. Thus, it is assumed that the
underlying-determinant parameter estimates given in Table 7, columns (3) and (4)
apply to al of the regions.

While from a structural standpoint the child malnutrition-DES relationship does
not differ substantially acrossthe regions, the regions do differ greatly in terms of the
levels of their per capita DESs. Because the strength of this variable depends on its
level, theregionsthusdiffer greatly inthe strength of impact of DESon child mal nutri-
tion. Table 12, column (2), reports estimates of the DES regression coefficients for
each developing-country region.* Corresponding to their low per capita DESs over
the study period, the effects for Sub-Saharan Africaand South Asiaarethe highestin

35Thetest statistics for the hypothesis that the slope coefficients are equal across all regionsis F=1.15, which isnot
even significant at the 10 percent level. The highest F-statistic for the five tests of the hypothesis that individual re-
gionsdiffer is 1.54 (for South Asia), which is aso not significant.

36These coefficients are cal cul ated as aweighted average of the segment parameter estimates, where the weights are
the proportion of the sample data points of the region falling into each segment.
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Table 12—Estimated child malnutrition regression coefficientsfor per capita
dietary energy supply and per capita gross domestic product by
region, 1970-95

Per capita dietary energy supply Per capita gross domestic product

Mean Coefficient Mean Coefficient

Region €] 2 ©)] 4

South Asia 2,187 -0.0133 863 —0.0255
Sub-Saharan Africa 2,164 —0.0140 879 —-0.0222
East Asia 2,595 —0.0085 1,874 —0.0090
Near East and North Africa 3,058 —0.0019 2,527 —0.0067
Latin America and the 2,647 —0.0069 4,740 —0.0040

Caribbean
Full sample? 2,360 —0.0099 2,306 -0.0135

Notes: The regression coefficients are calculated using the country fixed-effects coefficient estimates of
Table 7, columns (3) and (4). They are calculated as a weighted average of the segment coefficients,
wherethe weights are the proportion of the sample data points of the region falling into each segment.

@While the regional means are population-weighted, the full sample means are not (see Table 3).

magnitude, both at about —0.01. The other regions have substantially higher DESs per
capita, and thus their coefficient estimates are much lower in magnitude.

For the basi c-determinants FE model, the Chow F-test for parameter stability re-
jects the null hypothesisthat all the coefficients are identical acrossregions. The test
results suggest that there are significant structural differencesacrosstheregionsinthe
effects of national income or democracy or both and, in particul ar, that South Asiadif-
fers fundamentally from the others.®’

Asfor food availability, the effect of per capitanational incomes on child malnu-
trition for any region depends on itslevel. Table 12 reports the estimated regional per
capita GDP regression coefficients (column 4). In South Asia and Sub-Saharan
Africa, which had the lowest GDPs per capita over the study period, the effect of na-
tional incomeisrdatively strong. Itismuch weaker for East Asia, NENA, and LAC.

Note that the regression coefficientsreported in Table 12 reflect theregions' aver-
age DES and GDP positions asthey stood over 1970-95. In Chapter 8, regional differ-
ences are discussed in the context of the regions current positions, which differ
substantialy from the 25-year study period.

Thefinal clue asto whether there are substantial regional differencesin the causes
of child malnutrition liesin the magnitudes of the country FE termsincluded inthere-
gression equations. Thesetermsrepresent the effects of factorsthat do not changevery

37 For the hypothesis that the slope coefficients are equal across all regions, F=3.09, which issignificant at the 1 per-
cent level. The test statistic for the null hypothesisthat South Asia differsfrom the othersis F=6.4, which is signifi-
cant at the 1 percent level. Thetest statistic for the null hypothesisthat LAC differsfrom the othersis F=3.8, whichis
significant at the 5 percent level. Those for all other regions are statistically insignificant.
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much over time (over 13-year periods). A very clear result from the analysisisthat the
influence on child mal nutrition of these unobserved factorsis much stronger for South
Asiathan for the other regions. The mean of the FE coefficients in the underlying-
determinants model is9.6; the mean for South Asiaisfar abovethat for the sample and
the other regions, at 33.3.%

Estimation Results for Dynamic Models

Tables 13 and 14 present the results of the dynamic estimations for the basic and
underlying determinant models, respectively. Consider first the OLS-estimated
basic-determinant results (Table 13, column 1). Controlling for current levels of per
capita GDP and democracy, child malnutrition in the previous period is estimated to
have a highly statistically significant effect on current levels of child malnutrition.
Thisresult suggestsastrong link between current and past level s of child malnutrition,
either through cumulative effects on children over time or intergenerational linkages.
The OL S estimates for the underlying determinants (Table 14, column 1) also indicate
astrong positive relationship between current and past child malnutrition. SAFEW is
the only other variable whose parameter estimate is statistically significant.

In the country FE estimates for both basic- and underlying-determinant models,
the coefficient on lagged CHMAL is not statistically significant. Note, however, that
thet-statistics on the coefficientsare fairly high. The FE estimationsrequire that three
data pointsin time be available for any country included: the current observation, the
lagged observation, and a twice-lagged observation (as an instrumental variable).
Thus the estimations were limited to 36 countries (54 data points). Only as more data
become available will it be possible to determinein arobust manner whether therela-
tionship is statistically significant.

Overal, thisanalysisindicates, but is not able to give strong evidence in support
of, the possibility that child malnutrition may have substantial “feedback” effects. The
coefficient estimates on lagged child malnutrition reported in Tables 13 and 14 range
from alow of 0.28 to ahigh of 0.838. If these estimates can be verified, they indicate
that a 1 percentage-point increase in the prevalence of child malnutrition today con-
tributes to an increase of between 0.3 and 0.8 percentage pointsin child malnutrition
in the future, regardless of the current state of safe water access, women’s education,
women'’ s status, food availability, national income, and democracy.

38The average FE coefficients for the other regions are Sub-Saharan Africa, 6.3; East Asia, 19.3; NENA, 2; and
LAC, 5.7 percentage points.
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Table 13—Child malnutrition dynamic regressions, basic-deter minant

variables
Country fixed effects
Without With
timetrend timetrend
Ordinary and initial and initial
least squares conditions conditions
Variable Q) @) 3)
Lagged child malnutrition .76 .290 454
(19.3)*** (1.41) (.941)
Per capita GDP (GDP) —.001 —.745 —.0016
(2.92)*** (1.0 (.95)
Demoacracy (DEMOC) -.931 —.0008 -1.27
(2.64)*=** (.61) (1.32)
Timetrend (t) e .. 52
(1.33)
t x GDPg .0006
(.87)
t x DEMOCy . e —-.903
(157)
R? .856 .0605 1102
Number of countries 63 36 36
Number of observations 116 54 54

Notes: The dependent variable is the prevalence of underweight children under age five. Absolute values of
t-statistics are given in parentheses. The fixed-effects models are estimated with the constant term
suppressed. Thus the R statistic measures the proportion of variability in the dependent variable about
the origin explained by each regression. It cannot be compared to the R? statistics for the previous
models since they included intercept terms. In the fixed-effects model, first-differenced lagged child
malnutrition isinstrumented with child malnutrition lagged two periodsto correct for correlation of the
term with the fixed-effect component of the error term.

*** Ggnificant at the 1 percent level.
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Table 14—Child malnutrition dynamic regressions, underlying-deter minant

variables
Ordinary Country fixed effects
east squares Without With
Without timetrend timetrend
initial and initial and initial
conditions conditions conditions
Variable (@) 2 (3)
Lagged child malnutrition 756 .284 .629
(19.0)*** (.924) (1.3
Access to safe water (SAFEW) -.074 .021 -.011
(2.29)** (.27) (.11
Female secondary school —-.042 .014 .009
enrollment (FEMSED) 1.3) (.36) (.18)
Female-to-male life expectancy -32.2 -165 -148
ratio (LFEXPRAT) 1.4) (1.87)* (1.33)
Per capita dietary energy supply -.0012 —-.0083 —-.009
(DES (.60) .3 (1.19)
Timetrend (t) . . —-199
(:42)
t x SAFEW e e —-089
(1.33)
t x FEMSEDg A . .014
(:21)
t x LFEXPRATq A . 821
(1.03)
tx DES .007
(1.84)
R2 854 1472 2097
Number of countries 63 36 36
Number of observations 116 54 54

Notes: The dependent variable is the prevalence of underweight children under age five. Absolute values of
t-statistics are given in parentheses. The fixed-effects models are estimated with the constant term
suppressed. Thus the R? statistic measures the proportion of variability in the dependent variable about
the origin explained by each regression. It cannot be compared to the R? statistics for the previous
models since they included intercept terms. In the fixed-effects model, first-differenced lagged child
malnutrition isinstrumented with child malnutrition lagged two periodsto correct for correlation of the
term with the fixed-effect component of the error term.

* Significant at the 10 percent level.
** Significant at the 5 percent level.
*** Ggnificant at the 1 percent level.
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CHAPTER 6

How Has Child Malnutrition
Been Reduced in the Past?
A Retrospective

T he approximate reductions in the prevalence of child malnutrition that took
place between 1970 and 1995 for the developing countries as a group and for
individual regions are summarized in Table 1. How were these reductions brought
about? In this chapter, based on the regression analysis of the last, the contributions
of improvementsin health environments, women’s education, women’ sstatusrel ative
to men's, national food availability (underlying-determinant variables), national
incomes, and democracy (basi c-determinant variables) are explored.

To answer the question, the FE parameter estimates of Table 7 (columns 3 and 4)
are used to formulate a predicting equation for the change in child malnutrition preva-
lence over 1970-95. Using the underlying-determinants model as an example, the
base predicting equation (from equation 9) is

A

CM, =140 - .076 SAFEW, - .220FEMSED, - 71L8LFEXPRAT,

- .017DESL, - .002DES2, + 0.0DES3, +1i (19)

where DES]1, DES?, and DES3 are the segments of the DES linear spline and is
the FE term. This latter term is wiped out using a first-difference transformation
asfollows:

DCM = CM ;gq5 - CM g7 = - .076 DSAFEW - .220 DFEMSED
- 71L8 DLFEXPRAT - .017 DDES1- .002DDES2+0.0DDES3  (20)
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Each variable' s absolute and percentage contributions to the total change are then
calcul ated.® The absol ute and percentage contributions, respectively, of SAFEW for
example, are

- .076DSAFEW "~ 100

= (21)

- .076 DSAFEW and

For information on how much each variable has actually changed over the period
for the sample, the data set is expanded to include all available datafor the variables at
six pointsintime: 1970, 1975, 1980, 1985, 1990, and 1995. Variable meansfor each of
these years as well as their total change over the study period are given in Table 15.
Appendix Tables25-29 contain theinformation by region. The estimated contribution
of the proxy measure for each variable is employed to estimate its contribution. For
example, the contribution of increasesin per capita DESis used to estimate the contri-
bution of national food availability.

The upper panel of Table 16 reports the results for the underlying-determinant
variables over 1970-95. Thetotal predicted contribution for the sampleisareduction
of 15.9 percentage points (row 4). The number is quite close to the 15.5 percentage-
point reduction estimated for all developing countriesin Table 1.%

Figure 12 summarizes the estimated percent contribution of each underlying
determinant variable to the reduction in the prevalence of child malnutrition. The
changein each over the period on an equivalent (100 percent) scaleis also presented
to aid in interpretation (Figure 13). Improvements in women’ s education have con-
tributed by far the most, 43 percent. This contribution isthe combined result of both
the strong effect of the determinant and afairly largeincreaseinit over the period, as
shown in Figure 13. The contribution of improvements in health environments has
also been substantial: almost 20 percent. Improvements in food availability have
contributed around 25 percent of the reduction in child malnutrition, not only
because the effect of this variable is strong but also because increases have been
substantial, rising from 2,092 kilocalories per capitain 1970 to 2,559 in 1995. The

39This procedure s similar to that undertaken in the estimation of “population attributable risk” (common in epide-
miology) in which information on therisk of contracting a disease (such aslung cancer) from exposureto risk factors
(such as smoking) is combined with information on the preval ence of therisk factor to determine the number of cases
of the disease that are associated with the risk factor (Kahn and Sempos 1989).

40Two sources of differencesinthe“actual” and predicted numbersare (1) any differencesbetween the study sample
and the developing countries as a whole in terms of the etiology of child nutrition; and (2) a restricted data set, in
terms of years covered, which is employed in the regression equations due to the need to match data on the explana-
tory variableswith the particular years for which underweight data are available in the former. That the two numbers
are close indicates that the sample is representative of the developing countries as awhole. It also gives supporting
evidence that the model provides a good predicting equation for underweight in the historical period covered. The
predicted child malnutrition valuesfor individual regions can al so be compared with the numbersreportedin Table 1.
They are quite close for Sub-Saharan Africa, East Asia, and Latin America and the Caribbean. However, the pre-
dicted valueis 28 percent higher than the actual for South Asia; it is 100 percent lower than the actual for the Near
East and North Africaregion.
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Figure 12—Estimated contributions of underlying-deter minant variablesto
reductionsin developing-country child malnutrition, 1970-95

43.0% 19.3%

/‘ 26.1%

11.6%

(] Health environment B Women’s education
Women'’s status [C] National food availability

Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

smallest contribution (12 percent) came from improvements in women’s status as
gauged by the femal e-to-male life expectancy figures. While thisfactor has a strong
impact on child malnutrition, it hasimproved very little compared to the other vari-
ables (Figure 13). Together, the contributions of women’s education and relative
status have contributed to more than half of the 1970-95 reduction in child mal nutri-
tion in the devel oping countries. It can thus be surmised that much of the reduction
has come from improvementsin maternal and child care, confirming itscritical role
intheetiology of child nutrition. Some of the effect may al so be working through the
pathway of improved household food security.

Figure 14 traces out the contributions of the underlying-determinant variables to
changes in child malnutrition prevalences for five-year intervals during the study
period, starting with 1970-75 and ending with 1990-95. The changein the prevalence
of malnutrition over the intervals, in percentage points, is marked on the vertical axis.
The bar fallsbelow zero when there hasbeen anincreasein avariable, which isassoci-
ated with areduction in child malnutrition. A bar value above zero indicates that there
hasbeen anincreasein child malnutrition dueto areductioninthelevel of avariable.

There are several points to note from the figure.

* Therehasbeen afairly steady declinein the prevalence of devel oping-country

child malnutrition of about 3.2 percentage points every five years since the
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Figure 13—Increases in underlying-deter minant explanatory variables,
197095, on an equivalent scale of 100 per cent

Per capita dietary energy supply
(kilocalories)

Female-to-male life expectancy ratio

Female secondary school enrollment
(percent)

Access to safe water

0 20 40 60 80 100
(percent)

Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Notes. This figure shows the increase in each underlying-determinant variable over 1970-95 on an
equivaent scale that allows comparison across variables even though they are measured in different
units. Each variableistransformed by equating the minimum of its devel oping-country rangeto O, the
maximum to 100, and the in-between numbers to their relative positions on this scale. The variable
ranges are given in Table 11, column (3). The shaded area in the bar for each variable starts with its
1970 transformed value and ends with its 1995 transformed value.

early 1970s. The largest reduction, 4 percentage points, came in the 1975-80
period. Since then, the reductions have been smaller.

* The contribution of improvements in health environments has declined over
the 25-year period; in the early 1990s it made very little contribution.

* Women's education made its greatest contribution in the early 1970s and early
1990s. Its contribution dropped dramatically between 1970 and 1980; sincethen
it has gradually increased. It contributed 84 percent of the total 2.7 percentage-
point reduction in the underweight prevalence in the early 1990s.

* Corresponding to theworld food crisis of the 1970s, food availability declined
during 1970-75, leading to adlight increase in child ma nutrition. Asthe Green
Revolution picked up, the developing countries saw substantial increases in
their food supplies. The contribution of food availability to declines in mal-
nutrition were steady and substantial in thelate 1970sand early 1980s. Despite
continued increasesin food availability in the late 1980s and early 1990s (see
Table 15), their contribution to reductionsin child malnutrition haslevel ed of f
due to adeclinein strength of their impact as they have increased.
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Figure 14—Changesin child malnutrition in developing countries: Estimated
contributions of underlying-deter minant variables, five-year
periods, 1970-95
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

* Asimprovements in women'’s status have fluctuated over the 25-year period,
so too has their contribution to malnutrition reductions. The greatest con-
tribution was made in the early 1980s; sincethelate 1980sit has declined con-
siderably.

The bottom panel of Table 16 gives the contribution of the basi c-determinant
variables. Democracy has actually deteriorated slightly. Despiteits potential posi-
tive contribution, this declining trend is associated with a slight increase in child
malnutrition. Improvements in per capita national income, however, have been
quite large. For the full sample of countries, per capita GDP rose from $1,011
in 1970 to $2,121 in 1995, more than doubling. This large increase, in combina-
tion with the strong influence of the variable, has facilitated an estimated
7.4 percentage-point reduction in child malnutrition. The influence of national
incomes in reducing malnutrition throughout the developing world over the
25-year period since 1970 has thus been quite strong. Figure 15 breaks the two
variables' contributionsdowninto five-year periods. While democracy made posi-
tive contributionsin the 1970s, since then its decline has put adrag on child nutri-
tion improvements. Aside from the early 1980s, the contribution of national
income has been steadily increasing sincethe 1970s. Its greatest contribution came
most recently: in the 1990-95 period alone it contributed to a 3 percentage-point
decline in the prevalence of malnutrition.
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Figure 15—Changesin child malnutrition in developing countries. Estimated
contributions of basic-deter minant variables, five-year periods,
1970-95

Percentage points
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Since there are fundamental differences across the regions in the strength of im-
pact of the basi c-determinant variables, precise region-specific estimates of their con-
tributions cannot be undertaken. It can be inferred, however, that the contribution of
national income has been positive for al regions except Sub-Saharan Africa (whereit
declined). The contribution of democracy has been positive for Sub-Saharan Africa,
NENA, and LAC, but negative in South Asiaand East Asia.

The regions experiences have aso differed regarding the relative contributions of
the underlying-determinant variables. The section on regiona differences in Chapter 5
demongtrated that there are no significant differencesin the functional relationships be-
tween the underlying-determinant variables and child malnutrition. Thustheir contribu-
tions can be quantified using the full-sample coefficient estimates of Table 7, column (3).

Theoverall reduction in the prevalence of child malnutritionin South Asiafor the
25-year period is estimated to be 16.5 percentage points. Asillustrated in Figure 16,
the greatest contributions to this reduction have come from increased education of
women and improvementsin health environments, at about 28 percent each. Improve-
mentsin women'’ srelative status have accounted for about 25 percent of the reduction
and improvementsin food availability about 20 percent. Figure 16 showsthat the fac-
tors’ relative contributions have fluctuated substantially over the study period. In the
early 1970s, reductions in child malnutrition from improvements in health environ-
ments, women’ s education, and women’ srelative status were completely undermined



Figure 16—Changesin child malnutrition in South Asia: Estimated
contributions of underlying-deter minant variables, five-year
periods, 1970-95
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

by reductions in food availability. As a result, no progress was made. By the late
1970s, food availability began to improve and it contributed substantially to reduc-
tionsin child malnutrition in the 1980s and early 1990s. The 1980s saw a precipitous
decline in the prevalence of malnutrition in the region (over 11 percentage points)
dueto improvementsin all of thefactors. However, in the 1990-95 period, the pace of
improvement has been severely curtailed by slower growth in health environment
improvements and food availability.* While the relative status of women in South
Asia continues to be the lowest of al developing-country regions (the 1995 female-
to-malelife expectancy ratio was 1.02), small improvements have made a steady con-
tribution in the past 25 years.

Thetotal reduction in Sub-Saharan Africa s child malnutrition rate over the study
period is estimated to be only 4.2 percentage points. This overall net reduction masks
the negative effect that deteriorationsin women’ s relative status have posed over the
study period. Figure 17 gives the percent contributions of the remaining factorsto re-
ductionsin the region’s prevaence of child malnutrition. The largest share of the re-
duction was brought about by increases in women's education, followed by

41The declining contribution of food availability is partially due to declining impact as food suppliesincreased.
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Figure 17—Changesin child malnutrition in Sub-Saharan Africa: Estimated
contributions of underlying-deter minant variables, five-year
periods, 1970-95
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

improvements in health environments. A very small contribution was made by im-
provements in food availability. Figure 17 gives a fuller picture of the role the
underlying-determinant variables have played. Improvementsin health environments
have madetheir greatest contribution since 1985. Increased education of women made
strong contributionsin all periods except for the late 1980s, when it actually declined.
Women's relative status has continually declined in the region since the 1970s, most
precipitously after 1985. Its contribution has thus been to worsen child malnutritionin
the region throughout the study period. Changes in food availability have played a
large role overall. However, the role was not always positive. Substantial improve-
ments in the late 1980s and early 1990s were outweighed by deteriorations, for the
most part, during the 1970-85 period.

The prevaence of child malnutrition has declined the most in East Asia, about
20 percentage points. The greatest contribution to this decline came fromincreasesin
women's education, followed by improvements in food availability and health envi-
ronments (Figure 18). The early 1970s witnessed a very large reduction in child mal-
nutrition of more than 6 percentage points (Figure 18), most of which was due to
increasesin women' s education. Progress since this period has not been as great, but it
has continued steadily. The contributions of improvementsin the health environment
and women' srelative status declined over the period and were minimal by the 1990s.
Improvements in food availability have taken place at arelatively fast pace in East
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Box 1

Why Has Child Malnutrition Been Rising
in Sub-Saharan Africa?

Sub-Saharan Africaisthe only region in which the prevalence of child malnutrition
has been increasing. From 1985 to 1995, it increased from 29.9 percent to 31.1 percent
(see the table below). Of the four underlying-determinant variables, only
one—women'’s relative status as proxied by the female-to-male life expectancy ra
tio—was moving in the wrong direction during the period. Two others, national food
availability and women's education—both of which remain at extremely low lev-
els—were almost stagnant. In addition, national income for the region declined sig-
nificantly: per capita GDP fell by $52. The decline in this important basic
determinant of child malnutrition is responsible for slow progress in al of the
underlying-determinant factors and a slight increase in poverty. Therefore, it seems
likely that deterioration in women’s relative status and per capita national income,
along with stagnation in women’s education and food availability, at least partially
explains the deterioration in child malnutrition in the region. Other factors may be
deterioration in the capacity and outreach of government services under theimpact of
debt and structural adjustment; therising incidence of HIV/AIDS (Ramalingaswami,
Jonsson, and Rohde 1996); and conflict (Messer, Cohen, and D’ Costa 1998). The de-
clinein theratio of women'’slife expectancy to men’sis puzzling. It may be because
women in Sub-Saharan Africa are more vulnerable to HIV/AIDS than men are,
which itself reflects women'’s lower status (Brown 1996; Howson et al. 1996).

Trendsin the deter minants of child malnutrition in Sub-Saharan Africa,
198595

Per centage
change,
1985 1995 1985-95
Child malnutrition (percent underweight) 29.9 311 4.0
Access to safe water (percent) 335 48.8 45.7
Female secondary school enrollment (percent) 16.4 19.0 158
Female-to-male life expectancy ratio 1.066 1.054 -11
Per capita dietary energy supply (kilocalories) 2,035 2,136 5.0
Per capita national income (PPP US$) 830 778 -6.3
Democracy 2.01 244 214
Poverty (percent)? 385 39.1 16

Sources: Tables 1 and 26. Poverty data are from Ravallion and Chen 1996, Table 5.

Notes:  Withthe exception of the poverty rates, these data are popul ation-wei ghted means over
al countries in the data set in each region. The poverty measure employs an interna-
tional poverty line of $1 per person per day at 1985 power parity.

apoverty figures are for 1983 and 1993.
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Figure 18—Changesin child malnutrition in East Asia: Estimated contributions
of underlying-deter minant variables, five-year periods, 1970-95
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Asia, rising from 1,998 kilocalories per capitain 1970 to 2,720 kilocalories in 1995.
Overal they have contributed to areduction in the prevalence of child malnutrition of
about 6 percentage points.

Almost al of the reduction in child malnutrition in the Near East and North Africa
region has come from increases in women'’s education (Figure 19).** The state of
health environments has fluctuated widely—sometimes improving, sometimes
deteriorating—the net result being avery small contribution of 3.6 percent. Women's
relative status deteriorated in most periods, muting child nutrition improvements.
Improvements in food availability have contributed 19 percent to the reduction in
child malnutrition. Although food availability has improved in al periods, its mar-
ginal impact has declined. By 1995, per capita DES had reached 3,172 kilocalories,
apoint past which food availability has no or minimal impact.

The Latin America and Caribbean region experienced an estimated 11
percentage-point reduction in child malnutrition during the period, most of which
took place during 1970-80. Since then, reductionsin child malnutrition have contin-
ued at amuch slower pace (Figure 20). Asfor the other regions, the greatest contri-

42The results for this region should be treated with caution given that the majority of countriesin the region are not
represented in the sample and that the model overpredictsthe total reduction in child malnutrition for it substantially
(see footnote 40).
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Figure 19—Changesin child malnutrition in Near East and North Africa:
Estimated contributions of underlying-deter minant variables,
five-year periods, 1970-95

Percentage points
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Source: TFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

Figure 20—Changesin child malnutrition in Latin America and the
Caribbean: Estimated contributions of underlying-deter minant
variables, five-year periods, 1970-95
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.
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bution (62 percent) came from expansions in female education (Figure 20). The
contribution of improvements in health environments has steadily declined. Strong
improvements in women's relative status in the 1970s were followed by small
improvementsin the 1980s. By the early 1990sthere was aslight decline, muting the
overall reduction in malnutrition of the period. Food availabilitiesimproved in the
1970s, but declined in the early 1980s. Their contribution has been minimal since
the early 1980s.
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CHAPTER 7

Projections of Child Malnutrition
in the Year 2020

U p to this point, this report has focused on the period 1970-95. Looking toward
the next 25 years, by how much is the devel oping-country prevalence of child
malnutrition likely to decline by the year 2020? How fast isthe decline likely to take
place? Which regions are likely to experience the greatest improvements? Given
population growth, are the numbers of children who are malnourished likely to in-
crease or decrease? Future prevalences of child malnutrition are obviously dependent
on levels of effort exerted to reduce them. To answer these questions, the estimation
resultsin Table 7, columns (3) and (4) are applied to consider three scenarios based on
the projected evolution of the underlying-determinant variables over the period
1995-2020. These are a status quo or “do nothing different” scenario; a pessimistic
scenario; and an optimistic scenario.

The evolution of safe water access, female secondary school enrollments, and the
female-to-male life expectancy ratio under the alternative scenarios is predicted base
on these variables' average annual increase over 1985-95. Per capita dietary energy
supply projections are generated by IFPRI’s IMPACT model (Rosegrant, Agcaoili-
Sombilla, and Perez 1995).” The projections are based on assessments of future
developments in the world food situation (including changing prices of food and
changes in agricultural productivity) and various assumptions about future agricul-
tural research investments, population growth,* and growth in nonagricultural in-
comes. The levels of each explanatory variable in 1995 and under the alternative
scenarios are given in Table 17, rows (3)—(6).

The assumptions underlying each scenario are as follows.

43The IMPACT model is the International Model for Policy Analysis of Agricultural Commodities and Trade. De-
veloped at IFPRI, it is made up of a set of 35 country or regional models that determine supply, demand, and prices
for 17 agricultural commaodities.

441992 medium population growth rates (United Nations 1993) are employed asthe basis for population projections
in the IMPACT model. The projections of the numbers of children under five years of age are taken from Rosegrant
Agcaoili-Sombilla, and Perez (1995).
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Three Scenarios

In the status quo scenario, safe water access, female secondary school enrollments,
and thefemal e-to-malelife expectancy ratio improve at the same ratesthey improved
over 1985-95 (Table 17, column 2). At these rates, 94.3 percent of the developing-
country population would have access to safe water by the year 2020. The female
secondary school enrollment rate would increase from 47 percent to 87 percent by
2020. The female-to-male life expectancy ratio would rise to 1.066. Per capita
dietary energy supplies would rise from 2,595 to 2,821 kilocalories corresponding
to current trends in agricultural research investments, population growth, and non-
agricultural income growth.

Under the pessimistic scenario, the rate of improvement in the nonfood underlying-
determinant variables is assumed to decline by 25 percent. Under this circumstance,
accessto safewater risesto only 88.3 percent, thefemal e secondary school enrollment
rates rises to 77 percent, and the female-to-male life expectancy ratio to 1.061. Per
capitadietary energy suppliesareassumed toriseto 2,662 kilocal ories. Thislatter pro-
jection is based on the IMPACT model’s “low-investment/slow growth” scenario, in
which international donors eliminate public investment in national agricultural
research systems and extension servicesin developing countries and phase out direct
corefunding of international agricultural research centers. In addition, nonagricultural
income growth is reduced by 25 percent from 1990 levels.

In the optimistic scenario, the rate of improvement in safe water access is en-
hanced by 25 percent, leading to universal access by the year 2020. The femal e secon-
dary school enrollment rate climbsto more than doubl e the 1995 preval ence, reaching
97 percent. The femae-to-male life expectancy ratio rises to 1.07. Corresponding to
annual increases of US $750 million in funding for national and international agricul-
tura research and a 25 percent increase in nonagricultural income growth, per capita
dietary energy supplies increase to 2,978 kilocalories (the “high investment/rapid
growth” scenario of the IMPACT moddl).

The base predicting equation for the 2020 projectionsis:

DCM = CM 5050 - CMyg05 = - .076 DSAFEW - .220 DFEMSED
- 7L8 DLFEXPRAT - .017 DDES1- .002DDES2+0.0DDES3  (22)

The projections are undertaken using both full-sample and regional predictions of the
underlying-determinant explanatory variablesrather than predictionsfor each country
individually. The 2020 prevalence is recovered from DCM as

CM 5000 = DCM + CM 105, (23)
Table 18, rows (1) and (2) report the resulting projections of the prevalences and

numbers of malnourished children in 2020. Figure 21 maps out the projections under
each scenario for 1970, 1995, 2010, and 2020, showing their expected evolution over
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Figure 21—Evolution of child malnutrition prevalence, all developing
countries, 19702020
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Source: IFPRI Cross-Country Child Malnutrition Determinants Data Set, 1997/98.

the 50-year period. Under the pessimistic scenario, the percent of devel oping-country
children expected to be malnourished in 2020 would fall to 21.8. The numbers would
fall froma1995 level of 167.1 million to 155 million, areduction of only 12.3 million
children. The status quo scenario is projected to lead to a 12.6 percentage point reduc-
tion in the prevalence (which is close to the reduction over the 25 years from 1970 to
1995). The numbers of children mal nourished would decrease by 26.8 million. Under
the optimistic scenario of more rapid improvement in the determinants, the child mal-
nutrition prevalence would remain fairly high, but fall to 15.1 percent. Even under this
most positive of scenarios, 128 million children would remain malnourished, areduc-
tion of only 39.5 million children from present levels.

Regional Projections

The projections for the developing countries as a whole mask wide variation across
the regions. The regional projections in Table 18 are illustrated in Figures 22 (for

prevalence) and 23 (for numbers). There are several pointsto note.
* Under al scenarios South Asia will remain the region with the highest preva
lence and numbers of malnourished children. However, both will fall rapidly
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Figure 22—Pr oj ections of child malnutrition prevalence to 2020, by region
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Figure 23—Pr gjections of number of malnourished children to 2020, by region
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over the 1995-2020 period. In the status quo or most likely scenario the preva
lencewill fall from 49.3 percent to 37.4 percent. Despiteadight increaseinthe
population of children under five (from 174 to 176 million), the numbers
of malnourished children will fall from 86 millionto 66 million, a23 percent
decline.

* Little progress in reducing child malnutrition will be made in Sub-Saharan
Africa. Under the pessimistic scenario, the prevalenceis predicted to increase,
from a 1995 rate of 31.1 percent to 32.4 percent in 2020. Even under the
optimistic scenario the prevalence would drop only by 5.4 percentage points.
Given dow rates of decrease in the prevalence and very large expected
increases in the numbers of children under five (101 to 169 million), under all
scenarios the numbers of children are expected to increase in the region. They
rise to as high as 55 million under the pessimistic scenario, a number not far
below those for South Asia.

* The prevalence and numbers of malnourished children are expected to decline
thefastestinthe East Asiaregion. Under al scenariosthe prevalenceisnearly
cut in half, falling to about 12 percent of the population. No increase is ex-
pected in the number of children under five. The numbers of malnourished
children thusfall precipitously from 38.2 to around 21 million.

* Inthe Near East and North Africa region malnutrition will fall to very low
levels, except under the pessimistic scenario, in which ailmost 5 million chil-
dren under five will remain malnourished.

e Malnutrition will practically be eliminated in Latin America and the
Caribbean (although therewill likely remain some countrieswithin theregion
for which rates remain high).

Corresponding to these predicted trends, the regional configuration of the loca-
tions of malnourished children in the developing world is expected to change con-
siderably by the year 2020 (Figure 24). Under the status quo scenario South Asia’'s
share is predicted to remain high, but to fall from 51 percent to 47 percent. Sub-
Saharan Africa’ sisexpected to rise from 19 percent in 1995 to almost 35 percent by
the year 2020.
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Figure 24—Regional distribution of underweight children, 1995 and 2020
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CHAPTER 8

Priorities for the Future

C hapter 6 of this report examined the past record of reductions in child malnu-
trition and attempted to isolate the contributions of four variables representing
its underlying determinants and two variables representing its basic determinants.
Chapter 7 then devel oped three scenariosfor child malnutrition in the year 2020 based
on past trends in the underlying-determinant variables. The scenarios are essentially
theanswer to the question * If we continue asin the past (or continue doing alittle more
or alittle less), what will the future look like?" Even under the most optimistic of the
scenarios, the devel oping-country prevalence of child malnutrition is expected to be
15 percent in 2020: 128 million children would still be malnourished. But the future
doesn’'t have to look like the past.

This chapter asks: “What combinations of actions would lead to the greatest re-
ductionsin child malnutrition in the developing countries by 2020, and how difficult
would they be to put into effect?’ In answering this question it is important to keep
three thingsin mind. First, asthe conceptual framework of this paper lays out and the
analysis has confirmed, al three underlying determinants—food security, mother and
child care, and a healthy environment—are necessary for a child to achieve adequate
nutritional status. Thus, strategies for reducing child malnutrition should include
actionsto address all of them. The issue considered here is the relative emphasis that
should be placed on the various contributing factors.

Second, factors associated with both underlying and basic determinants were
found to have strong effects on child malnutrition, with the former being dependent
on the latter. The question is not which set of determinants should be prioritized: both
underlying and basic determinants should be the focus of future effortsto reduce child
mal nutrition.

Finally, actions associated with the determinants considered in this report should
be seen as supporting crucial direct nutrition interventions, such as community-based
programs to improve home-based caring practices, micronutrient supplementation,
and food fortification (see Gillespie, Mason, and Martorell 1996). In addition, the
reader should keep in mind that strategiesfor increasing per capitadietary energy sup-
plies and per capita national incomes can include not only raising food supplies and
national incomes but also reducing population growth.



The Relative Importance of the Underlying-Deter minant Variables
to Future Reductionsin Child Malnutrition

The analysis of Chapter 5 showed that the strength of the effect of national food avail-
ability on child malnutrition for any popul ation depends strongly on the level currently
reached. The relative strengths of the underlying-determinant variables thus also de-
pend on current food availability. Using the estimates of Table 7, column (3), Table 19
classifies the developing countriesinto three food availability groups, a“high impact”
group, whose per capita DESs are below 2,300 kilocal ories, a“ medium impact” group,
whose per capita DESs are between 2,300 and 3,120; and a“low impact” group, with
per capita DESs above 3,120 kilocalories. Most of the countries in South Asia and
Sub-Saharan Africafall into the high impact group. Some, however, among which are
countries with very high prevalences of child malnutrition such as India, Mauritania,
Nigeria, and Pakistan, fall into the medium impact group. Most countriesin East Asia
and LAC fdl into the medium impact group. However, some countries in these re-
gions with very low per capita DESs—Bolivia, Cambodia, Guatemala, Haiti, Laos,
Mongolia, and Peru—fall into the highimpact group. Barbados, the Republic of Korea,
and Mexico, as well as a large number of NENA countries, fall into the low impact
group, in which further increasesin food availabilities are unlikely to lead to improve-
mentsin children’s nutritional status.

The country classification given in Table 19 helpsto compare the strengths and
potential impacts of the underlying-determinant variables for each developing
region. The upper panel of Table 20 gives the comparison. In column (2), calcula-
tionsof the absoluteincreasein each variable’ s proxy measure needed to bring about
areduction in the child malnutrition rate of 1 percentage point by regionin 1995 are
presented. For example, in South Asiaan increase in the rate of accessto safe water
(representing the health environment) of 13.1 percentage points would have the
same effect on child malnutrition rates as would an increase in per capita DES of
94 kilocalories. But, as discussed earlier, the different units in which the variables
are measured make this column difficult to interpret. Therefore, the absolute
increases are standardized by the range of the variables observed in developing
countries to gauge how realistic they are (column 3).

In South Asia and Sub-Saharan Africa, food availability emerges as the factor
that needs to change the least—relative to its existing range—to bring about a
1 percentage-point drop in child malnutrition rates. It is thus the most potent force in
reducing child malnutrition in these regions. Following closely iswomen’s education
(measured as female secondary school enrollment rates) in both regions. In the re-
maining three regions, women’'s education is by far the most potent force for reducing
child malnutrition. In al regions except NENA, health environment is the factor that
needs to change the mosgt, relative to its range, to bring about a 1 percentage-point
reduction in child malnutrition.

While the numbers in column (3) provide a sense of how large a change is
required in each underlying-determinant variable to bring about the same reduction
in child malnutrition, they say nothing about the distance of the variables from their
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desirable levels and hence the scope for reducing child malnutrition over the
medium to long run. The percent that each variable's proxy measure is below its
desirablelevel (in scale-neutral terms) isgiven in column (4). The desired levels of
safe water access and female secondary school enrollment rates are assumed to be
100 percent. The desired level of the female-to-male life expectancy ratio is set at
1.1; that of per capita DESis set at 3,100.%*

Table 20, column (5) givesthe estimated reductionin the child malnutrition preva-
lenceif each variable wereraised to itsdesirablelevel. Theresultsimply that inall re-
gions, increasing women’s education to desirable levels has the largest medium-term
to long-term potential to reduce child malnutrition. Food availability is second in
Sub-Saharan Africaand LAC. Women'srelative status is second in South Asia, East
Asia, and NENA.

To identify policy priorities for future reductions in child malnutrition for each
region, the four underlying-determinant variables are ranked in terms of the size of
(2) the change required to bring about a 1 percentage-point reduction in child malnu-
trition as a percentage of the determinants’ ranges (based on Table 20, column 3), and
(2) their scope for reducing child malnutrition prevalences in the medium-to-long
term (based on column 5). Future policy prioritiesfor addressing the underlying deter-
minants of child malnutrition in each developing region are arrived at by combining
these two ranks. They are summarized in Table 21.

In South Asia and Sub-Saharan Africathe top priorities are food availability and
women's education. In both regions, food avail ability improvements have the strong-
est effect, but women's education has a strong effect and would make the biggest
differenceif increased to adesirable level. In East Asia, NENA, and LAC, women's
education is the top priority, both from the standpoint of strength of impact and scope
for reducing child malnutrition. For South Asia, a secondary priority is improving
women’ sstatusrelativeto men’'s, which, becauseit isso far below desirablelevels, has
great scope for reducing malnutrition. In East Asia, food availability and women's
relative status should also be prioritized. In NENA, women'’ srelative statusis a secon-
dary priority. In LAC, women'’ srelative status and health environment improvements
tie for second priority.

Health environment improvements, in arelative sense, appear to beaweak force
for reducing child malnutrition. The low ranking is partially because there has
already been substantial progress madein thisareacompared to the others (Table 20,
column 4). In an absolute sense, health environment improvementsstill make quitea

45The desired level of the female-to-male life expectancy ratio is determined as the average of the top 20 percent of
the data pointsin the panel data set, excluding the maximum value (1.15) of El Salvador in 1988, which isan extreme
value compared to the other high ratios. There is no widely accepted “desirable” level of per capita DES from the
standpoint of nutritional health. Countrieswith very high levels also have high levels of obesity, an undesirabletrait.
For example, in 1995, countries of Western Europe had an average DES of 3,360 (FAO 1998). Near aDES of 3,120
kilocalories, increasesin DES no longer serve to reduce child malnutrition levels. Alexandratos (1995) citesthe gen-
era casethat 10 percent of a country’s population will be undernourished (or food insecure) at DES levels of 2,700
kilocalories. On the other hand, FAO (1996) claims that at alevel of about 2,770 only 2.5 percent of the population
will be undernourished. An intermediate level of 3,100 kilocaloriesis chosen here.
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big difference, however. If universal accessto aproper health environment (proxied
by safe water) were achieved, the prevalence of child malnutrition is estimated to
fall by 2.3 percentage points. The numbers of malnourished children would fall by
11.9 million. The potential of health environment improvements for reducing child
malnutrition is the greatest in Sub-Saharan Africa.

On afinal note, the independent effect of poverty on child malnutrition has not
been assessed due to lack of sufficient data. Most certainly alarge proportion of the
effect of food availability is from increased real incomes, whether in the form of
increased production of food consumed directly by households, increased cash
incomesto purchase food and other nutrition inputs, or reduced food prices. Proactive
efforts to improve food availability through means that simultaneously increase the
incomes of the poor arelikely to result in greater nutrition benefitsthan effortsfocused
solely on raising food supplies (see Smith et al. 1999).

The Relative Importance of National |ncome and Democr acy

Asthisreport has shown, democracy isimportant in facilitating health environment
improvements and increases in food availability. Per capita national incomeisim-
portant in maintaining and improving investments in health environment improve-
ments, women’ s education, women’ srelative status, and food availability both from
the viewpoint of public investments and (through its association with household
incomes) investments at the household level. Strong regional differences in the
effects of the two basic-determinant variables have been detected. However, be-
cause theregional differences could not be detected (see Chapter 5), this discussion
of the relative importance of the two variablesislimited to their importance for the
developing countries as a group.

At this point in history it appears that raising national incomes would have a
stronger effect on child malnutrition than enhancing democracy. An increase in the
devel oping country per capita GDP of $202 is needed to reduce the child malnutrition
prevalence by 1 percentage point, which is 9.7 percent of its range (Table 20, lower
panel). By contrast, it would take almost a 0.8 point rise in the democracy index to
bring about the same reduction, which is 11.5 percent of its range. The developing-
world per capita GDP is currently far below any desirable number. Past a level of
about $4,750 the factor loses its force in reducing child malnutrition. Even bringing
the devel oping-country GDP up to thismoderatelevel would have quite alargeimpact
on child malnutrition: the prevalence would fall by apredicted 18.5 percentage points,
the numbers by almost 100 million. The regions that have the longest way to go to
reach the $4,750 mark (and thus the most to gain from doing so) are Sub-Saharan
Africa, South Asia, and East Asia. LAC as aregion has aready surpassed the mark
(Appendix Tables 25-29).

While, relatively speaking, democracy is not a very strong force in reducing
child malnutrition in the developing countries, in an absolute sense, improving it
would make abig difference. If the democracy index were raised to its desired level
(of 7), it is estimated that the prevalence of child malnutrition in the developing
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countrieswould fall by 5.5 percentage points. The numbers of children who are mal-
nourished would be reduced by 29.4 million. The regions that have the longest way
togotoreach adesirablelevel of democracy are East Asia, NENA, and Sub-Saharan
Africa (Tables 25-29).

The reader should bear in mind that improvements in national income and
democracy only lead to reductions in child malnutrition if they are directed to
improvements in the underlying determinants. Given enhanced political will and
education, it is possible that they can be even more effectively directed toward them
in the future than they have in the past. This analysis gives governments an idea of
where to best direct increased national incomes in the interests of children’s nutri-
tion. It also suggests target areas in which political will and commitment among
democratic governments can be instilled.

A Note on Cost-Effectiveness

On afinal note, afull assessment of priorities for the future should ideally take into
account the costs of improving the alternative factors. While the same reduction in
child malnutrition could be brought about by a 13.1 percentage-point increase in
accessto safe water as a4.6 percentage-point increase in the femal e secondary school
enrollment rate, it isunlikely that theseincreaseswould cost the same. Costsarelikely
to differ by region as well. Unfortunately, good-quality comparative information on
cost-effectiveness of alternative investments is lacking. One can still get a sense of
how different the relative costs have to be before the conclusions reached on priorities
are altered. For example, if it cost more than 2.8 times to increase female secondary
school enrollment by 1 percent compared with increasing access to safe water by
1 percent, then thelatter will be the more cost-effectiveinvestment in reducing malnu-
trition. If the ratio is below 2.8, then female secondary school education becomes
more cost-effective. Better information on cost-effectiveness should be the focus of
future research on policies to improve child nutritional status.
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Box 2

The (South) Asan Enigma

In South Asia, 50 percent of the children under age five are malnourished; in Sub-
Saharan Africa, 31 percent. Why ismalnutrition so much higher in South Asia? The
huge difference has been called an “enigma” because South Asiaasaregion is do-
ing much better than Sub-Saharan Africafor most of the determinants of child mal-
nutrition (see the table below) (Ramalingaswami, Johnsson, and Rohde 1996).
There are three possible sources of these differences.

First, the determinants of child malnutrition may be different or have different
strengths of impact in the regions. If one determinant is more important in South
Asiathan in Sub-Saharan Africa, and South Asiaisnot doing well in that area, then
that determinant could be a clue to the enigma. This report finds no mgjor differ-
ences in the importance of the underlying-determinant causal factors between the
regions. For the basic determinants, some structural differenceswere evident, but it
was not possible to find out which determinant, national income or democracy, was
causing the difference.

The second possible source of the differencein child malnutrition rates may be
that South Asiais doing worse than Sub-Saharan Africain the factors studied. As
the table shows, South Asiais doing better than Sub-Saharan Africafor all factors
except women's status relative to men's. Therefore, it seems likely that women's
statusisone reason for the higher prevalence of malnutrition in South Asia. Thetable

Progressin some deter minants of child malnutrition in South Asia and
Sub-Saharan Africa, 1995

Sub-Saharan
South Asia Africa

Child manutrition (percent) 49.3 311
Access to safe water (percent) 79.7 48.8
Femal e secondary school enrollment (percent) 34.2 19

Female-to-male life expectancy ratio 1.023 1.054
Per capita dietary energy supply (kilocalories) 2,356 2,136
Per capita national income (PPP US$) 1,136 778

Democracy 4.10 244
Poverty (percent)® 431 39.1

Sources. Tables1, 25, and 26. Poverty data are from Ravallion and Chen 1996, Table 5.
Notes:  With the exception of the poverty rates, these data are popul ation-weighted means
over al countriesin the data set in each region. The poverty measure employs an
international poverty line of $1 per person per day at 1985 purchasing power parity.
aPoverty figures are for 1993.
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alsoindicatesthat South Asia spoverty rateisslightly higher than Sub-Saharan Af-
rica’s, which may explain some of the difference.

The final source of the difference in child malnutrition rates of the two re-
gionsliesin the “black box” of time-invariant, country-specific factors. Because
the data set covers more than one point in time for each country, the effects on
child malnutrition of these factors can be estimated, even thoughit is not possible
to determine what they actually are. The factors are found to raise the prevalence
of child malnutrition in South Asiawell above Sub-Saharan Africa’s. Toillustrate
their importance in the regional differences, the figure below shows how much
child malnutrition would remain, even if all of the underlying-determinant vari-
ables were raised to their desirable levels. In South Asia, malnutrition would re-
main at 23.8 percent, but it would be only 0.5 percent in Sub-Saharan Africa
Deeply entrenched factors specific to South Asian countries, then, are also key to
solving the Asian enigma. In thelong run, if child malnutrition isto be overcome
in the region, the black box must be opened to find out what these factors are and
to implement policies to address them. Some possibilities are the monsoon cli-
mate (FAO 1996), recurrent flooding in some countries, overcrowding dueto high
population density, and cultural beliefs and traditions that hinder optimal breast
feeding and timing of the introduction of complementary foods (Ramalinga-
swami, Jonsson, and Rohde 1996).

Predicted reductionsin child malnutrition and remaining prevalence if
underlying-deter minant variablesreach desirable levels

Child malnutrition (percent)

60

50

40

30

South Asia Sub-Saharan Africa

[] Health environment B Women’s education Women’s status

] National food availability El Remaining child malnutrition

Source: IFPRI Cross-Country Child Malnutrition Data Set, 1997/98.




CHAPTER 9

Conclusions

T hirty percent—167 million—of all developing-country children under five are
currently underweight. This study uses historical cross-country datato improve
understanding of the relative importance of the various causes of malnutrition for the
devel oping countries asawhole and by region. In thisway, it attemptsto contribute to
the debate on how to make the best use of available resourcesto reduce child malnutri-
tion in developing countries now and in the coming yearsto 2020. It is hoped that the
study will help policymakerswho are committed to reducing child malnutrition priori-
tize their resource investments in order to reduce and eventually eliminate child mal-
nutrition in the devel oping countries.

The conclusions of the report are based on estimations undertaken with careful
consideration to data quality and statistical soundness. The research is guided by a
well-accepted, comprehensive conceptual framework. It employs household survey-
based, nationally representative data on child underweight prevalences that have
been subjected to strict quality-control standards. It employs an estimation methodol-
ogy—fixed-effects panel regression—that accounts for unobserved heterogeneity
across countries, thus reducing bias in parameter estimates. Specification tests indi-
catethat the model s estimated are areasonably good representation of the quantitative
relationshi ps between child malnutrition and the determinants considered.

Resear ch Findings

This report has found strong evidence that the quality of countries' health environ-
ments, women' s education, women’ s status relativeto men’s, and national food avail-
ability are important determinants of child malnutrition throughout the developing
world. Termed “underlying-determinant variables,” these factors were found to have
statigtically significant and quantitatively strong impacts on the prevalence of under-
weight children for asample of 63 countries, representing 88 percent of the develop-
ing world population. The report also confirms that per capita national incomes and
democracy, termed * basic-determinant variables,” are also important factors. Lying at
adeeper level of causality, thesefactorsaffect malnutrition mainly through facilitating
investment in the underlying-determinant variables.
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Past Progress: How Was It Achieved?

The regression results are used to estimate the contribution each factor made to the
15.5 percentage-point reduction in the prevalence of child malnutrition from 1970 to
1995. Among the underlying-determinant variables, increases in women’s education
contributed the most, accounting for 43 percent of the total reduction. Improvements
in national food availability contributed 26 percent of the reduction, health environ-
ment improvements 19 percent. Because there was little improvement in women’s
relative status, its contribution—while still substantial—wasthelowest (12 percent).

In South Asia, in addition to women’ s education, improvementsin women’srela-
tive status and health environments made particularly large contributions. While
South Asian countries’ national food availabilities deteriorated during the world food
crisis of the early 1970s, improvements in the 1980s made a large contribution. In
Sub-Saharan Africa, child malnutrition has largely been reduced through improve-
ments in health environments and increases in women's education. National food
availability made very little contribution overall, athough its positiveimpact on child
nutritioninthelast 10 yearshasdemonstrated its potential . Declinesin women’ sstatus
relative to men’sin the region have muted the positive impacts of the other determi-
nants. In East Asiaand the Near East and North Africa(NENA), increasesin women’s
education and national food availability have made the greatest contributions. In Latin
America and the Caribbean (LAC), women’s education has been a major contributor
throughout the 25 years; the other underlying-determinant variables have contributed
relatively little.

In terms of the basic-determinant variables, improvements in per capita national
income have made a substantial contribution, an estimated 7.4 percentage-point re-
duction in the developing-country prevalence of child malnutrition. The contribution
was positive for al regions except Sub-Saharan Africa, where per capita national
income declined during 1970-95. While democracy has a potentially large contribu-
tionto make, it made no contribution because no progresswas madein thisareafor the
devel oping countries as awhole during the period. Deteriorationsin democracy have
had a negative impact on child nutrition in South Asia and East Asia. Democracy’s
contribution has been positive for Sub-Saharan Africa, NENA, and LAC.

Child Malnutrition in the Year 2020

Theregression resultsare a so used to project the preval ence and numbers of malnour-
ished children to the year 2020 under three scenarios for growth in the four
underlying-determinant variables. A status quo scenario assumes that the nonfood
variables increase at the rate they did over the 1985-95 period, while a pessimistic
scenario assumes a 25 percent cut in the rate of change and an optimistic scenario
assumes a 25 percent increase. For national food availability, IFPRI IMPACT model
projections for per capita dietary energy supply are employed.

Under the status quo scenario, 18 percent of developing-country children under
five are projected to be malhourished in 2020. The prevalence rises to 22 percent
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under the pessimistic scenario and falls to 15 percent under the optimistic scenario.
The payoffsto the optimistic scenario can best be realized in Sub-Saharan Africaand
South Asia. What is particularly striking is that even under an optimistic scenario the
absolute numbers of malnourished children in Sub-Saharan Africaare projected to be
higher in 2020 than in 1995. Based on the status quo projections, asharp regional shift
in the location of child malnutrition is predicted: South Asia’s share will fall from 51
percent in 1995 to 47 percent in 2020, but Sub-Saharan Africa's share will increase
from 19 percent in 1995 to near 35 percent in 2020.

Priority Actionsfor the Future

An assessment of the relative effectiveness of the four underlying-determinant vari-
ablesin terms of their potential for generating future reductions in child malnutrition
iscarried out. The assessment takesinto account therel ative strength of impact of each
variable and itsdistance from the desirablelevel asof 1995, but not the relative cost of
investing init. It findsthat improvementsin national food availability and in women’s
education offer the best hope for future reductions in child malnutrition in Sub-
Saharan Africa and South Asia. In South Asia, an additional priority is to improve
women' sstatusrelativeto men’s. In East Asia, NENA, and LAC, the primary priority
for reducing child malnutrition is improving women'’s education; the second highest
priority is to improve women's relative status. Additional secondary priorities are
national food availability for East Asia and heath environment improvements for
LAC. Paliciesfor increasing national food availabilities should consider measures to
reduce population growth as well as to increase food supplies, and should be formu-
lated with the goal of improving food security.*

A key message of thisreport isthat significant achievement can be made toward
reducing malnutrition through actions in sectors that have not been the traditional
focus of nutrition interventions. A second key message isthat any comprehensive strat-
egy for attacking the problem of child malnutrition must include actions to address
both its underlying and basic causes. Without improvements in national incomes and
democracy, the resources and political will to invest in the underlying-determinant
factors—in health environments, women’ s education and status, and food availabili-
ties—will not be there. If improved national incomes and democracy are not directed
to improvements in the underlying-determinant factors, on the other hand, they will
make little difference. Investmentsin all of the factorswill support the crucial role of
direct nutrition programs at the community level.

46 Simply maintaining the determinants at their current levels will require substantial resources in many countries.
Thisis particularly so for national per capita food availability, which has to be maintained in the face of increasing
populations and afairly fixed amount of cultivable land.
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Contributionsto the Resolution of Key Debates

This research contributes to the resolution of five important debates currently under
way in development policy and research circles. First, why has child malnutrition been
rising in Sub-Saharan Africa? The report finds that some of theincreaseislikely due
to deteriorations in the status of women relative to men and per capita national in-
comes. Stagnation in national food availability and women’ s education have also held
back improvementsin child nutrition. Finally, debt and structural adjustment, increas-
ing conflict levels, and the rise of HIV/AIDS may all play a part.

Second, why are child malnutrition rates in South Asia so much higher than in
Sub-Saharan Africa? This study identifies a key variable as the source of the “Asian
enigma’: women'’s status relative to men's. Regardless of the levels of the factors
influencing child malnutrition that are identified in this report, however, alarge dis-
parity in prevalences of child malnutrition would persist between thetwo regions. The
source of this remaining difference is time-invariant factors specific to South Asian
countries that the report has not been able to explicitly identify. Some possibilities
might be the region’s monsoon climate, high population densities, and deeply en-
trenched beliefs about child feeding practices.

Third, how important isfood availability asadeterminant of child malnutrition at
the national level? The report finds that when it is very low (below a per capita DES
of approximately 2,300 kilocalories), it isaparticularly strong determinant. But, after
acertain point is reached (at a per capita DES of approximately 3,120 kilocalories),
further increases are unlikely to aid in reducing child malnutrition. For countries with
such high food availabilities, efforts to promote food security must focus on promot-
ing access to food at the household level. The regionsin which improved food avail-
ability has the most to contribute in the coming decades are South Asia and
Sub-Saharan Africa. Pro-active efforts to improve food availability through means
that simultaneously increase the incomes of the poor (without compromising care of
children) are likely to result in greater nutritional benefits than efforts focused solely
on raising food supplies.

Fourth, how important are women’s status and education? This research report
confirmsthe now overwhel ming evidence that women’ seducation hasastrong impact
on children’s nutrition. It also establishes that women’s status relative to men’'sisan
important determinant of child malnutrition in al developing-country regions. These
findings confirm women’ skey role in the etiology of child nutrition, whether through
the pathway of maternal and child care or household food security. Together, improve-
ments in women'’ s education and status alone were responsible for more than 50 per-
cent of the reduction in child malnutrition that took place from 1970 to 1995. More
emphasis should be placed on improving them in the future, especially on women’s
statusand education in South Asiaand on women'’ seducation in Sub-Saharan Africa.

Fifth, how important are national incomes and political factors such as democ-
racy, and through what pathways do they affect child malnutrition? This report finds
that national incomes have avery strong influence on child nutrition. Increasesin per
capita national income during 1970-95 contributed to ailmost half of the total reduc-
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tion in the prevalence of child malnutrition in developing countries, working via all
four underlying-determinant factors. The existence of a significant link between the
degree of democracy in countries and the prevalence of child malnutrition has been
firmly established, with democracy contributing mainly through improvements in
health environments and national food availability. Why democracy is important for
these two factors and not for others needs to be better understood. Nevertheless, the
analysis suggests that political variables have as valid a place in studies of malnutri-
tion asthey do in studies of economic growth.

Limitations of the Study

Thisresearch does not adequately consider two factors believed to have astrong influ-
ence on child malnutrition: food security at the household level and poverty. At pres-
ent no cross-country comparabl e dataare available on national rates of food insecurity
from household survey data (Smith 19984). Instead, data on per capita dietary energy
supplies are used; these are an inadequate measure of food insecurity because they do
not measure food access. While some cross-country data on poverty exist (World
Bank 1998D), at present data are not adequate to reliably estimate thisvariable' sinflu-
ence on child malnutrition.

The second limitation of this study isitsinability to address the sequential nature
of optimal interventions for improving child nutritional status. In many cases one
intervention, for example provisioning of health services, needs to be undertaken
before others have any positive impact. The estimation methodology used here only
permits estimating each explanatory variable simpact asif interventionswere to take
place simultaneously.

A third limitation of the study is that the costs of various interventions cannot
be taken into consideration in setting policy priorities. But, from a practical stand-
point, cost-effectiveness must play acrucial rolein any decision about what kinds of
policies and programs to put in place for reducing child malnutrition as quickly and
efficiently as possible.

Directionsfor Future Research

Thisreport pointsto a number of fruitful directionsfor future research. Theseinclude
(1) asimilar analysis for rates of stunting, which is a longer-term measure of nutri-
tional deprivation than underweight; (2) separate estimations for male and female
children under age five to determine if malnutrition is explained by different factors
for boysthan girls; (3) research into the sequencing of interventions to improve child
nutrition and into the costs of variousinterventions; (4) an in-depth study of theroles
of democracy and women’ sstatus; (5) research on therolesthat debt, structural adjust-
ment, conflict, and HIV/AIDS play in Sub-Saharan Africa’ s rising rates of malnutri-
tion; and (6) an unraveling of the “black box” of time-invariant factors to further
explain why South Asia's prevalence of child malnutrition is so much higher than
Sub-Saharan Africa’s.
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Thisresearch hasfound evidence of afeedback effect of child malnutrition—that
is, that today’ s child malnutrition contributes to higher levels of child malnutrition in
the future. Although the evidenceisweak at present, the existence of thislinkage sug-
gests that reducing child malnutrition at afast pace today should reduce child malnu-
trition in the future at an even faster pace. A seventh suggested area of future research
is prospective studies that use household-level data to ascertain the existence of this
linkage and to estimate how strong it is.

Finally, anindicator of national prevalences of food insecurity—based entirely on
household food consumption or expenditures survey data—is needed to clarify the
role of food security in child malnutrition and to identify where food insecurity is
located and how it changes over time. While in the past data were not available to
complete thistask, with the increased frequency of household food consumption sur-
veys the development of such an indicator is now possible.

A Note of Caution

Finally, acaution to users of this study’sfindings: the results apply only at the very
broad level of the developing countries as a whole and, more tentatively, to the
developing-country regions. Their applicability to specific populations at more
disaggregated levels is unknown. Careful analysis and diagnosis are needed for
understanding the causes of child malnutrition for each subpopulation of the devel-
oping world, whether it be a country, a subnational region, a community, a house-
hold, or an individual child.
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Table 30—Child malnutrition regressions. Comparison of fixed-effects and
random-effects estimates (under lying-deter minants model)

Variable Fixed effects Random effects
Access to safe water (SAFEW) -.072 —-.084
(1.84)* (2.33)**
Female secondary school enrollment (FEMSED) -232 -.180
(3.51)*** (3.45)***
Female-to-male life expectancy ratio (LFEXPRAT) —74.89 -101
(1.83)* (3.06)***
Per capita dietary energy supply (DES) -.067 —.053
(3.00)*** (256)**
DES? 1.24E-05 9.06E-06
(2.66)*** (2.14)**

Notes: The dependent variableis preval ence of underweight children under five. The number of observations
for al regressionsis 179 (63 countries). Absolute values of t-statistics are given in parentheses.
* Significant at the 10 percent level.
** Significant at the 5 percent level.
*** Ggnificant at the 1 percent level.
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